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Introduction

American Microsystems, Inc. headquartered in Santa Clara, California is the semiconductor industry leader in the
design and manufacture of custom MOS/VLSI (metal-oxide-silicon very-large-scale-integrated) circuits. It manu-
factures special circuits for the leading computer manufacturers, telecommunications companies, automobile
manufacturers and consumer product companies worldwide. AMI is a wholily owned subsidiary of Gould, Inc.

Along with being the leading designer of custom VLSI, AMI is a major alternate source for the S6800 8-bit micropro-
cessor family and the S80 Family of microprocessors, which are integrated systems in silicon based on the popular
Z80™ microprocessor. This microprocessor family combines advanced microprocessor, memory, and custom VLS|
technologies on a single chip.

The company provides the market with selected low power CMOS Static RAMs, and 16K, 32K, 64K, 128K and 256K
ROMs for all JEDEC pinouts or as EPROM replacements.

The most experienced designer of systems-oriented MOS/VLSI communication circuits, AMI provides components
for station equipment, PABX and Central Office Switching systems, data communications and advanced signal pro-
cessing applications.

AMI is a leading innovator in combining digital and analog circuitry on a single silicon chip, and is a recognized
leader in switched capacitor filter technology.

Processing technologies range from the advanced, small geometry, high performance silicon gate CMOS to mature
PMOS metal gate and to silicon gate N-Channel. Over 27 variations are available.

AMI has design centers in Santa Clara; Pocatello, Idaho; and Swindon, England. Wafer fabrication plants are in
Santa Clara and Pocatello, and assembly facilities are in Seoul, Korea and the Philippines. A joint venture company
in Graz, Austria Microsystems International, serves the European semiconductor market with complete design and
manufacturing capabilities. A recently formed joint venture company in Japan, Asahi Microsystems Inc., designs
and will in the future produce integrated circuits for the Japanese and Pacific Basin market.

Field sales offices are located throughout the United States, in Europe and in the Far East. Their listing, plus those
of domestic and international representatives and distributors appear on pages B.39 through B.47 of this publica-
tion.

Z80 is a registered trademark of Zilog, Inc.
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Cross Reference Guide

Communication Products

Cross Reference by Manufacturer

AMI Functional ’ AMI Functional
Manufacturer Part Number Equivalent Part Manufacturer Part Number Equivalent Part
AMD 7910 $3530 Mostek MK 5089 25089
Cherry 820X $2561 Mostek MK 50981 2560A
ERSO CIC 9187 2559 Mostek MK 50982 2560A
ERSO CIC 9110E 525610 Mostek MK 50991 2560A
EXAR XR2120 $35212 Mostek MK 50992 2560A
G.l. ACF 7310,12,7410 3526 Mostek MK 5116 3507
G.l. ACF 7323C 3525 Mostek MK 5151 3507
G.1. ACF 7363C 3525 Mostek MK 5170 2562/2563
G.l. ACF 7383C 3525 Mostek MK 5175 25610
G.I. AY5-9100 2560A Mostek MK 5387 2559
G.l. AY5-9151 2560A Mostek MK 5389 25089
G.l. AY5-9152 2560A Mostek 5091 2559
Gl AY5-9153 2560A Mostek 5092 2559
G.l. AY5-9154 2560A Mostek 5094 2559
G.l. AY5-9158 2560A Mostek 5382 2569
G.l. AY5-9200 2563A Mostek 5170 - 2563A
G.l. AY3-9400 2559 Mostek 5175 525610
G.l. AY3-9401 2559 Mostek 5380 2559
G.l. AY3-9410 2559 Motorola MC 14400 3507
G.I. AY5-9800 3525 Motorola MC 14401 3507
Hitachi HD 44211 3507 Motorola MC 14402 3507
Hitachi HD 44231 3506 Motorola MC 14408 2560A
Intel 2913 3507 Motorola MC 14409 2560A
Intel 2914 3507 Motorola MC14412 53530
Intersil ICM 7206 2559 Motorola MC6170 535212
Mitel MT 4320 3525 Motorola MC145433 $3526/53526M
Mitel ML 8204 2561A Motorota MC145432 S3526M*
Mitel ML 8205 2561A Motorola MC14413 $3526/53526M
Mitel MT 8865 3525 National TP53130 $2579
Mitel 8204 S2561 National TP5088 $2579
Mostek MK 5087 2559E National MF10 $3528/53529

* For Direct Replacement Note: X Denotes any number
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Cross Reference Guide

Communication Products

Cross Reference by Manufacturer

AMI Functional AMI Functional

Manufacturer Part Number Equivalent Part Manufacturer Part Number Equivalent Part
National MF6 $3528/53529 Siliconix DF 322 2560A
National MM74HC942 $3530 Tl TCM 170X $2550
National MM74HC943 83530 Tl TCM 5089 525089+
National MM 5393 2560A T TCM 509X 2559
National MM 5395 2559 T.L TCM 508X 2559
National TP5700 52550 T.I TCM 150X 52561
NEC uPD 7720 2811 T.I. TMS 99532 $3530
Nitron NC 320 2560A SSI 201 $3525A
Phillips TDA 1077 2559 SSI 202 S3525A
RCA CD 22859 2559 SS| 203 S3525A
Reticon R5632 §35212* Teltone M-980 53524
Reticon R5612 $3526/53526M Teltone . M-800 ‘§3525A
Reticon R5604 $3528/53529 Teltone M-907 S3525A
Reticon R5605 $3528/53529 Teltone M-917 S3525A
Reticon R5606 $3528/83529 Teltone M-927 S3525A
Reticon R5609 $3528/53529 Teltone M-947 $3525B*
Reticon R5611 $3529 Teltone M-948 $3525A
Reticon R5612 $3528/53529 Teltone M-056 $3525A
Reticon R5614 53528/53529 Teltone M-957 S3525A
Reticon R5615 $3528/83529 Teltone M-967 S3525A
Reticon R5616 53528753529
Reticon R5620 $3528/53529
Reticon R5621 $3528/53529
Reticon R5622 $3528/53529
Sanyo 7350 $2560A
Sanyo. 7351 $2560A
Seiko S7220A S2560A
Seiko STC2560 S2560A
Seiko S7210A §25610
Sharp 408X 2559
Silicanix ' DF 320 2560A
Siliconix DF 321 2560A

* For Direct Replacement Note: X Denotes any number
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Memory Products
CMOS RAMS

Vendor 256 x 4 1Kx1 1K x4 4K x 1
AMI $5101 $6514
FUJITSU — — 6514/8414 8404
HARRIS 6561 6508 6514 6504
HITACHI 435101 — 4334 4315
INTERSIL 6551 6508 6514 6504
MOTOROLA 145101 146508 — 146504
NATIONAL 740920 740929 6514 6504
NEC 5101 6508 444/6514 —
OKI 573 574 5115 —
RCA 5101 1821 1825 5104
SsS 5101 5102 — —
TOSHIBA 5101 5508 5514 5504

BYTE WIDE NMOS ROMs
Vendor 2K x 8 4K x 8 4K x8* 8K x 8-24 Pin 8K x 8-28 Pin 16K x 8 32K x 8
AMI S68A316 S68A332 $2333 S68A364 $2364A $23128A $232568
AMD AM9218 9232 9233 AM9264 AM9265 AM92128
NEC/EA uPD2316 uPD2332A uPD23328 uPD8364 uPD2364 uPD23128 uPD23256
FAIRCHILD F68316 F3532 F3533 F3564
FUSITSU
Gl RO3-9316 R03-9333 R03-9364 R03-9365 SPR-128
GTE 2316 2332 2364
MOS MPS2364
MOSTEK MK34000 MK36000 MK37000 MK38000
MOTOROLA MCMB8A316 MCM68A332 MCM68365 MCM65256
SIGNETICS 2616 2632 2664A 2664AM 23128 23256
SYNERTEK SY2316 SY2332 $Y2333 SY2364 SY2365 SY23128 SY23256
OKI MSM2916
ROCKWELL R2316 R2332 R2364A R23648
SGS M2316
TOSHIBA TSU2316 TSU333-2
NATIONAL MM52132 MM52164
VTl V12332 V12333 VT2365A V723129 V123256

*Pin compatible with 2732 EPROM
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Microprocessor Family

§' §$~§ & /& é’
,:?ﬁ S/ 8 S” *§
~ :3 < \°\§ §
DEVICE DESCRIPTION REPLACES
$1602 UART (UNIVERSAL ASYNCHRONOUS . PR §1883, MBB868A, AY-5-1013, AY-3-1015, TR1863, 001
RECEIVER/TRANSMITTER) 5 | § TR1602, TMS6011, NATIONAL 5303, SMC2502
$2350 USAT (UNIVERSAL SYNCHRONOUS 2R
RECEIVER/TRANSMITTER) 5 | 5
p p
$6800 MPU (MICROPROCESSOR) x| x|¢le MC6800, HD46800D, F6800
0 | D
$6801 8-BIT MICROCOMPUTER 2K ROM, P 1 e | x
128 BYTES RAM, UART, TIMER, U0 5 | b MC6801, HDG801X
56802 8-BIT MICROPROCESSOR WITH CLOCK x| x k|
AND 128 BYTES RAM i MC6802, HD46802, F6802
p
$6803 $6801 WITHOUT ROM | MC6803
p
S6803NR $6803 WITHOUT RAM ¢ | ¢ MC6B03NR
D
8-BIT MICROCOMPUTER WITH 1.1K BYTES P [ R
$6805 ROM, 54 BYTES AAM, TMER, U0 c €| X MC6805P2, HDGBO5S
P p
56808 MICROPROCESSOR AND CLOCK x| x|cle MC6808, HD46808, F6808
P P
$6809 ENHANCED 8-BIT MPU x | x]ecle MC6809, HD6809, FEBO9E
b | D
ENHANCED 8-BIT MPU EXTERNAL P P
$6809E ¢ | ¢ MC680E, HDGBOSE, F6809E
CLOCK INPUT 5 ]
P p
56810 RAM (128x8) x| x|¢lec MC6810, HD46810, F6810
b | D
P p
$6810-1 RAM LOW COST (575ns) c
b [ D
p P
$6821 PA x| xl¢cle MC6821, HD46821, F6821, $Y6520 1)
6 [ ©
$6840 TIMER X X ; A MC6840, HD46840, F6840
6 | D
P P
$6846 ROM, 1O, TIMER x| x|¢ele|x MC6846, HD46846, FG846
6 | D
P
$6850 ACIA x| x|c|e¢ MC6850, HD46850, F6850
6 | D
$6852 SSDA x| x|¢ e MC6852, HD46852, F6852
b | B
P P
$6854 ADLC x| x C MC6854, HD46854, F6854
b | D
$68045 CAT CONTROLLER x [x|E|E|x MC6845, HD46505, SY6545000
b | b
p P
$6551/6551A |  ACIA/BAUD RATE GENERATOR x|{cle Y6551, ROCKWELL 6551
b | 6
$9900 16-BIT MICROPROCESSOR 3 TMS9900
$9980A 16-BIT LPROCESSOR—8-BIT DATA BUS A TMS3980A
D
0801 PCl c TMS9901
]
P
9902 ACC 3 TMS9902
PART NUMBER CONVENTIONS s = AMI PRODUCT PREFIX 00 = PART DESIGNATION P = PACKAGE TYPE
68 = FAMILY DESIGNATION | = QUALIFIER (OPTIONAL) i A
= NONE 0—70°C -
CI'D FUNCTIONAL REPLACEMENT A B":O:EEED 1(;:2'0““” AP LA D = CERDIP
A = 1.5MHz
B = 2.0MHz 00 = avawaBLE [0 = NOT AVAILABLE OR NOT APPLICABLE
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Gate Arrays

l. Introduction

As the semiconductor industry has marched into the new
era of VLSI, a new market has appeared— fast turn custom
or, as it is now called, semicustom. AMI, a leader in custom
MOS since 1966, is also a leader in this new semicustom
market. AMI has introduced CAD software and hardware

tools to allow customers to design, simulate, and layout cir-
cuits using AMI gate array and standard cell families.
Figure 1-3 show the economic tradeoffs between gate
array, standard cell, and full custom, all of which are offered
by AM\. The best solution for your needs will depend upon
your volume requirements and circuit complexity.

Figure 1. Cost vs. Volume Alternatives
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Figure 2. Cost vs. Volume Alternatives
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Figure 3. Cost vs. Volume Alternatives
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Gate Arrays

The simplest semicustom ICs are gate arrays. A gate array
consists of uncommitted component matrices of tran-
sistors (usually P- and N-type for CMOS) that allow user-
defined interconnections through a single or double layer
of metal. Since arrays employ fixed component locations
and geometries, AMI can process the wafers up to the
metallization stage and inventory the wafers for future
customization. Thus gate arrays look like late mask pro-
grammable ROMs and benefit from this large-volume pro-
duction because they appear to be a standard product. AMI
can offer them at an economical price and with fast proto-
typing and production turn on spans.

The second semicustom product group is standard cells.
Standard cells employ fully customized process/mask sets
and must pass through all process steps before a user-
specified circuit is completed. To design such chips, AMI
customers use precharacterized functional cells from AMI
cell libraries. Placing and routing the cells is done on AMI
computers using specially developed software. Standard
cell designs usually result in smaller chips since only the
component structures required for the user specified cir-
cuit are included, thus chips designed with cells are less
expensive than gate array designed chips.

The key to success in this new market is flexibility. Flexibil-
ity to the user entails: low risk circuit implementation, short

development span, lower development cost, lower piece
part cost (over discrete implementations), easy to change or
modify, enhanced product features, etc. For the manufac-
turer, flexibility means: ease of manufacture, economies of
scale, and easy interface with customers. One last point:
AM I offers the user the opportunity to migrate at a low cost,
from a gate array to a standard cell (or possibly full custom)
to further enhance his/her product. By using analog cells,
significant-advances in chip function integration are &t the
user's disposal.

In addition, AMI offers a wide selection of packages to meet
specific user needs. AMI offers the CAD tools needed to
work in the new market. AMI also offers the training re-
quired to move customers quickly and easily into this new
technology. See the ‘‘Custom Solutions” section in this
catalog for more details.

2 Micron Products

AMI is developing 2 micron CMOS technology to support
the next generation of gate arrays and standard cells. These
products will offer size and performance improvements of
up to 50% from their 3 micron counterparts.

Introduction of the first 2 micron gate array family is plan-
ned for fourth quarter 1984 and is expected to offer
capabilities of up to 10,000 gates.

GATE
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Il. Gate Arrays

e Arrays of Uncommitted CMOS Transistors Programmed
by Metal Layer Interconnect to Implement Arbitrary Digi-
tal Logic Functions

Multipte Developmental Interfaces: AMI or Customer
Designed

Three Array Families—5-Micron Single Metal CMOS,
3-Micron Single Metal CMOS, and 3-Micron Doubie Metal
Versions

Muitiple Array Configurations— From 300 to 1260 Gates
for 5-Micron Devices, and 500 to 4000 Gates for 3-Micron
Devices

Quick Turn Prototypes and Short Production Turn-On
Time

Economical Semicustom Approach for Low-to-Medium
Production Volume Requirements

Advanced Oxide-Isolated Silicon Gate CMOS Tech-
nology

High Performance—2 to 3ns Typical Gate Delay for 3-
Micron Devices

¢ Broad Power Supply Range
TTL or CMOS Compatible 1/O
Up to 124 I/O Connections
Numerous Package Options

Full Military Temperature Range (—55°C to 125°C) and
MIL-STD-883 Class B Screening Available

Five-Micron Gate Array Family

The family of 5-micron CMOS products is offered in six
configurations with circuit complexities equivalent to 300,
400, 540, 770, 1000, and 1260 two-input gates, respectively.
All pads can be individually configured as inputs, outputs,
or I/O’s. Input switching characteristics can be pro-
grammed for either CMOS or TTL compatibility. LS buffer
output drivers will support CMOS levels of two low power
schottky TTL loads. TTL buffer outputs will also provide
CMOS levels and are capable of driving up to six LS TTL
loads. All output drivers can be programmed for tri-state or
open drain (open collector) operation as required.

1.4

General Description

AMI’'s gate array products consist of arrays of CMOS
devices whose interconnections are initially unspecified.
By “programming” interconnect at the metal layer mask
level, virtually arbitrary configurations of digital logic can
be realized in an LSI implementation.

AMI gate array designs are based on topological
cells—i.e., groups of uncommitted silicon-gate N-Channel
and P-Channel transistors—that are placed at regular
intervals along the X and Y axes of the chip with inter-
vening polysilicon underpasses. Pads, input protection cir-
cuitry, and uncommitted output drivers are placed around
the periphery.

Compared to SSI/MSI logic implementations, AMI’s gate
array approach offers lower system cost and, in addition,
all the benefits of CMOS LSI. The lower system cost is due
to significant reductions in component count, board area
and power consumption. Product reliability, a strong func-
tion of component count, is thereby greatly enhanced. And
compared to fully custom LSI circuits, the gate array offers
several advantages: low development cost; shorter deve-
lopment time; shorter production turn-on time; and low unit
costs for small to moderate production volumes.

AMI’s CMOS gate arrays are offered in three families: the
5-micron UA series, the 3-micron single metal GA series,
and the 3-micron double metal GA-D series. The 5-micron
UA series has been in production since 1980 and well over
one hundred circuits have been produced in that tech-
nology. The 3-micron GA and GA-D series are the high-
speed high-density devices fabricated in AMI’'s state-of-
the-art 3-micron CMOS processes.

The CMOS technology used for these products is AMI's
5-micron, oxide-isolated, silicon gate CMOS process. This
process offers all the conventional advantages of
CMOS—i.e., very low power consumption, broad power
supply voltage range (3V to 12V + 10%), and high noise im-
munity—as well as dense circuits with high performance.
Gate propagation delays are in the five to ten ns range for 5
volt operation at room temperature. AMI gate array pro-
ducts can be supplied in versions intended for operation
over the standard commercial temperature range (0°C to
+ 70°C), the industrial range (— 40°C to +85°C), or the full
military range (-55°C to + 125°C). MIL-STD-883 Class B
screening, including internal visual inspection and
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high temperature burn-in, is offered. Similarly, customer- D.C. characteristics for the 5 micron gate array family are
specified high reliability screening is available for commer- summarized in Table 4.
cial and industrial applications.

Table 1. Gate Array SSI Functional Macros Table 2. Gate Array MSI/LSI Functional Macros
TTL FUNCTIONAL GATE TTL FUNCTIONAL GATE
DESCRIPTION EQUIVALENCE COUNT DESCRIPTION EQUIVALENCE COUNT
INVERTER 1/6 LS04 1 3708 DECODER LS138 23
DUAL-INVERTER DRIVER 1/6 LS04 1 47016 DECODER LS154 56
TRIPLE-INVERTER DRIVER 1/6 LS04 2 8T01 MULTIPLEXER LS151 28
QUADRUPLE-INVERTER DRIVER 1/6 LS04 2 4-BIT FULL ADDER 15283 60
QUINTUPLE-INVERTER DRIVER 1/6 LS04 3 8-BIT FULL ADDER 120
2-INPUT NAND 1/4 LS00 1 12-BIT FULL ADDER 180
3-INPUT NAND 1/3 LS10 1.5 16-BIT FULL ADDER 240
4-INPUT NAND 1/2 LS20 2 LOOK-AHEAD CARRY GENERATOR LS182 34
5-INPUT NAND — 2.5 4-BIT PRESETTABLE AND EXPANDABLE
2-INPUT AND 1/4 LS08 1.5 BINARY COUNTER LS163 52
3-INPUT AND 1/3 LS 2 4-BIT EXPANDABLE BINARY COUNTER LS163* 39
4-INPUT AND 1/2 LS21 2.5 4-BIT PRESETTABLE BINARY COUNTER LS163* 47
2-INPUT NOR 1/4 LS02 1 4-BIT BINARY COUNTER LS163* : 34
3-INPUT NOR 1/3 LS27 15 8-BIT PRESETTABLE BINARY COUNTER 104
4-INPUT NOR — 2 12-BIT PRESETTABLE BINARY COUNTER 156
5-INPUT NOR 1/2 S260 2.5 16-BIT PRESETTABLE BINARY COUNTER 208
2-INPUT OR 1/4 LS32 1.5 4-BIT EXPANDABLE & PRESETTABLE
3-INPUT OR - 2 BINARY UP/DOWN COUNTER LS169 62
4-INPUT OR — 2.5 4-BIT EXPANDABLE BINARY
EXCLUSIVE OR 1/4 1586 2.5 UP/DOWN COUNTER LS169* 49
EXCLUSIVE NOR - 2.5 4-BIT PRESETTABLE BINARY
2-IN AND/2-IN NOR — 1.5 UP/DOWN COUNTER LS169* 58
2-WIDE AND-OR-INVERT 1/2 $51 2 4-BIT BINARY UP/DOWN COUNTER LS169* 44
2-IN OR/2-IN NAND — 1.5 4-BIT EXPANDABLE & PRESETTABLE
2-WIDE OR-AND-INVERT — 2 DECADE COUNTER LS162 56
INTERNAL TRI-STATE DRIVER — 2 4-BIT EXPANDABLE DECADE COUNTER LS162* 43
2 T0 1 MULTIPLEXER — 1 4-BIT PRESETTABLE DECADE COUNTER LS162* 51
SET-RESET LATCH 1/4 L8279 2 4-BIT DECADE COUNTER LS162* 38
CLOCKED LATCH 1/4 LS75* 2.5 4-BIT EXPANDABLE & PRESETTABLE
CLOCKED LATCH WITH SET — 3 DECADE UP/DOWN COUNTER LS168 66
D FLIP-FLOP WITH RESET 1/4 LS175%* 5 4-BIT EXPANDABLE DECADE UP/DOWN
D FLIP-FLOP WITH SET - 5 COUNTER LS168* 53
D FLIP-FLOP SET AND RESET - 6 4-BIT PRESETTABLE DECADE UP/DOWN
TTL LEVEL TRANSLATOR — 2 COUNTER LS168* 62
4-BIT DECADE UP/DOWN COUNTER LS168* 48
* Both polarities of the enable signal are required for CMOS CLK 4-BIT BIDIRECTIONAL SHIFT REGISTER LS194 62
** CLK and CLK are required for CMOS. The 74LS175 is reset on a positive 4'B|TR?\6T2%EEL'ACCESS SHIFT LS195 42
going transition of the control signal whereas the CMOS implementation 8-BIT PARALLEL LOAD SHIFT REGISTER (5165 28
resets on a negative going transition of the same signal. 8-BIT SHIFT/STORAGE SHIFT REGISTER 15299 137
8-BIT SERIAL-IN/PARALLEL-OUT SHIFT
REGISTER LS164 49
8-BIT PARALLEL IN/SERIAL-OUT SHIFT
REGISTER LS166 78
Thecurrent AMlarray family, 300 gates to 1260 gates, isrunin 8-BIT SYNCHRONOUS-LOAD SHIFT
a3-12V CMOS process (internally coded as CVA process). REGISTER LS166 78
In conjunction with these arrays, AMI has developed a set of 8 B'TRiZTé@LEF‘{N/SER'AL OUT SHIFT LS 91 48
“functionaloverlays.” Thesearebasiclogicelementbuilding
blocks—e.g.twoinputand largergates of various types, flip- * Simplified version of the TTL function

flops, and so forth— from which complete logic designs can

15



Gate Arrays

be developed. Each functional overlay corresponds to a
metal interconnect pattern that Is superimposed on a set
of uncommitted transistors (and polysilicon underpasses)
in the array to implement the logic element. Typlcal func-
tional overlay logic elements and the number of equivalent
two-input gates are shown in Table 2.

Currently over 75 functional cells exist for this family.

Three-Micron Gate Array Family

As part of AMI's long range semi-custom strategy in
‘MOS/VLSI, AMI will continue to introduce new gate array
products. These new products will offer performance and
cost advantages not currently realizable. In conjunction
with these new array products, AMI has introduced
computer-aided design tools to automate the entire gate
array design process.

Table 3. AMI Gate Array Configurations
3u Double Metal Family

Eg. 2- General Power
Part No. Input Gates Total Pads Vo Only
GA-1000D 1152 68 64 4
GA-2000D 2070 88 84 4
GA-3000D 3080 106 102 4
GA-4000D 4012 124 120 4

3uSingle Metal Family

Eg. 2- General
Part No. Input Gates Total Pads Vo
GA-500 540 40 40
GA-1000 1040 54 52
GA-1500 1500 64 64
GA-2000 2025 74 74
GA-2500 2500 84 84

5u Single Metal Family
Low High
Eg. 2- Power Power Input

Part No.  Input Gates Total Pads Vo Vo Only
UA-1 300 40 17 20 3
UA-2 400 46 23 20 3
UA-3 540 52 25 24 3
UA-4 770 62 3 28 3
UA-5 1000 70 35 32 3
UA-8 1260 78 39 36 3

The newest gate array family is the high-performance GA
and GA-D series which is based on AMI’s 3-micron CMOS
silicon gate process technology.

The AMI GA and GA-D series are designed for 5V operation
over military temperature range (—55 to 125°C). Besides
high speed (2 to 3ns typical delay) and high density (up to
4K gates), it features total /O flexibility
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Total Flexibility of /O Options

Peripheral cell design offers total flexibility in determining
pin-out configurations and maximizes the number of op-
tions associated with each pad. Each pin in the 3-micron
gate array can serve any of the following functions:

e TTL Output Driver

LSTTL Output Driver

CMOS Output Driver

Open Drain Output

Tristate Output

Analog Switch

CMOS Input

Vpp Supply

* Vgs Supply

Furthermore, the peripheral cell also contains high impe-
dance transistors that can be used as pull-ups or pull-
downs if required.

The single metal version provides up to 2500 gates and the
double metal GA-D version 4000 gates. See Table 3 for con-
figurations.

In conjunction with these new array products, AMI offers a
complete powerful set of design automation software to
allow users complete design flexibility. Using a terminal
tied to a central AMI owned or customer owned minicom-
puter or mainframe, the user has access to a complete set
of design automation tools including:

e Schematic capture

e Logic simulation

e Circuit simulation

* |nteractive or autoplace and route
e Automated placement and routing

AMI Service Makes It Simple

AMI is committed to providing service which makes get-
ting your gate arrays nearly as simple as buying off-the-
shelf, standard circuits. From your logic description, net
list, database tape, or whatever format in which you choose
to supply us the design information, AMI has proven pro-
cedures designed to assure that you’ll get circuits on time
and that they work the first time.

* You supply logic and specifications and we’ll complete
the VLSI implementation for you.

You supply logic using AMI macros and we’ll complete
schematic capture, logic simulation, placement and
routing, and the fabrication process.

You do your own schematic capture on any of several AMI
approved workstations and give us a net list and we’ll
- complete the process.

You supply the database tape and we'll fabricate,
package and test your gate array circuits.

Regardless of how or at what stage you supply your design
data, you can be confident that your completed ICs are on-
ly a short time away. Why? Because AMI’'s entire manu-
facturing cycle, including planning and tracking pro-
cedures, has been developed during 17 years of experience
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in delivering customized solutions for our customers. Pro-
ducing small volumes of a large number of different
designs is our standard way of doing business.

Our commitment to you won’t get lost in the shuffle as is
often the case with large producers of commodity circuits.
Best yet, you get serviceand AMI’s total MOS/VLSI capability.

You Get State-of-the-Art CMOS Technology

The advanced CMOS process technology used for AMI gate
array products offers all of the conventional advantages of
CMOS —very low power consumption, broad power supply
voltage range, high noise immunity—as well as dense cir-
cuits with high performance. Arrays are currently available
in 5-micron single metal, 3-micron single and double metal,
and in 1984, 2-micron double metal processes.

You Get Leading Edge Design Support

AMI’s CAD Technology is the most advanced integrated
software system for MOS/VLSI circuit design available in
the industry. It uses a common database for logic simula-
tion, mask layout and test program generation. The com-
mon database approach eliminates errors due to data file
transcription steps and allows a gate array design to be
converted into a standard cell or a full custom circuit
without entering the same logic description again.

The heart of the system is BOLT™ (Block Oriented Logic
Translator) which is a hardware description language and a
compiler for the language. It allows the system designer to
describe the logic network in a hierarchical fashion due to
an unlimited macro nesting capability.

The logic description database is created by compiling a
BOLT description of the logic network into the HOLD™ (see
below) database format. Figure 4 shows a simple logic net-
work and the corresponding BOLT syntax.

Figure 4. Logic Network & BOLT Syntax
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HOLD™ (Hierarchically Organized Logic Database) is
created by the BOLT compiler using the AMI macro library
and the BOLT description of the circuit. HOLD contains the
description of the circuit for AMI CAD programs and is up-
dated after mask layout to include key performance infor-
mation, e.g. net capacitance after routing.

SIMAD™ is an event and table driven, MOS logic simulator
that creates a logic model of the circuit to be validated from
the HOLD database. Nodes may assume any one of six
logic states 0, 1, X, L, H, and Z, thus allowing accurate
simulation of transmission gates.

Since each logic device in the model can be assigned
propagation delays, SIMAD also allows timing verification,
including race detection.

GAPAR™ is the software package that does automatic
placement and routing of arrays. GAPAR will complete at
least 98% of the wiring connections on a 100% utilized ar-
ray. The GAPAR system’s correct-by-construction interac-
tive editor can be used to manually connect any unrouted
connections or to manually route critical delay paths.

DELAY™ updates the HOLD database after routing with
propagation delay parameters based on actual capacitance
data.

TESTFORM™ generates compressed functional test pat-
terns from the SIMAD logic simulation results.

TESTPRO™ allows off-line generation of D.C. parametric
tests in the Factor™ test language used in Fairchild test
systems. Its output is merged with the compressed func-
tional patterns from TESTFORM, and the result is a test pro-
gram that can be tailored for use in any Sentry™ tester.

AMI’s software makes it reasonably simple to convert a
gate array to a standard cell or full custom circuit, resulting
in lower circuit costs when your volume warrants it. Plus
you get even more.

* We offer design training classes with full-time
instructors.

¢ AMI has design centers to allow you to do your design
with our engineers available to assist you.

o AMP’s software is available on a variety of computer
systems and workstations.

¢ Through volume purchase agreements we can help you
get discounts on the hardware/software configuration
that best fits your needs.

GATE
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LOGIC INPUT

Figure 5. Semicustom Development Flow
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Packages

Pinout or lead count varies with die size and array com-
plexity. The arrays are offered in standard plastic and
ceramic dual-in-line packages with pin counts ranging from

Table 4. D.C. Electrical Characteristics, 5-Micron Gate Arrays
Specified @ Vpp =5V +10% or 10V £ 10%, Vgg =0V, Ta = —55° to + 125°C

16 to 64, JEDEC-Standard leadless and leaded chip car-
riers, miniflat packs to 84 pins, and pin grid arrays to 144
pins. AMI gate array products are also available in wafer or

unpackaged die form.

Symbol Parameter Vpp Min. Typ. Max. Units Conditions
VoL Low Level Output Voltage 0.05 v loL = 1.0pA
High Power Output 5 0.4 v lop = 2.4mA
High Power Output 10 0.5 v loL = 4.8mA
Low Power Output 5 0.4 v lp. = 0.8mA
Low Power Output 10 0.5 v lo. = 1.6mA
VoH High Level Output Voltage Vpp—.05 v loh = =1.0pA
High Power Qutput 5 2.4 \ loh = —1.6mA
High Power Output 10 9.5 v loH = —1.0mA
Low Power Output 5 2.4 v lon = —0.8mA
Low Poweér Output 10 9.5 v lop = —0.4mA
ViL Input Low Voltage 5 0.0 0.8 \ TTL Input
5 0.0 1.5 \ CMOS Input
10 0.0 3.0 v CMOS Input
ViH Input High Voltage 5 2.0 Voo v TTL Input
5 3.5 Vbp v CMOS Input
10 7.0 VoD v CMOS Input
N Input Leakage Current 5 -1 1 uA Vin = Vpp or Vss
loz High Impedance Output 5 —10 0.001 10 uA VoH = Vpp or Vss
Leakage Current
Cin Input Capacitance 5 pF Any Input

1.8
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AMI’'s Standard Cell Capabilities
What are Standard Cells?

Standard cells are circuit “building blocks” which have
been previously designed, characterized and stored in a
computer database. These building block cells can range
from simple digital circuit elements such as logic gates
(AND, NAND, NOR, OR, etc.) to more complex digital sub-
systems such as UARTSs, CPU cells, memory cells, etc. The
cells can also include basic analog circuit elements (opera-
tional amplifiers, comparators, etc.), as well as complicated
analog subsystems (analog-to-digital converters, switched
capacitor filters, etc.). Both the digital and analog cells are
available, in a standard cell library, to be integrated into
various application specific circuits.

Two basic types of circuits can be constructed from a stan-
dard cell library. The first type, Semicustom Standard Cell
Circuits, utilizes only those cells which exist in the stan-
dard cell library. The semicustom designer selects the
necessary cells from the library and, the circuit design is
completed by automatically “placing” the cells and
“routing” the interconnections between cells.

The second type of standard cell circuit, Interactive Custom
Standard Cell Circuits, is distinguished by either of two
characteristics: 1) interactive placement and routing or
2) integration of custom circuitry. Interactive layout is used
to minimize the die size and/or to optimize overall circuit
performance. With this technique, an experienced circuit
designer uses an interactive CAD (Computer Aided Design)
system to “manually” place the cells and route the neces-
sary interconnections. If specialized functions cannot be
efficiently implemented with the available cells or if rig-
orous performance criteria must be met, custom circuitry
can be used in conjunction with the standard cells, to meet
the requirements of a given circuit. This sort of custom
standard cell circuit can be placed and routed interactively
or, if the custom circuit elements can be grouped into one
or more custom cells, automatic layout can be performed.

Standard Cells Benefits

Standard Cell Benefits Standard cell circuits offer a simple,
low-cost, low-risk method of desighing a semicustom or
custom circuit for a specific application.

Compared to optimized full custom circuits, standard cell
circuits offer substantial savings in both development cost
and time span. Also, because the cells have been individ-
ually simulated and characterized, it is more likely that a
standard cell circuit will work properly the first time. In ex-
change for these benefits, the production unit prices of a
standard cell circuit are slightly higher than the prices of a
comparable optimized custom circuit.

At the other end of the custom spectrum, standard cell cir-
cuits compare favorably with gate arrays. Although the
development cost and time span are not as low as those of a
gate array, standard cell circuits can offer significant
advantages in unit pricing, functional capabilities, and cir-
cuit performance.
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By combining the advantages of optimized full custom cir-
cuits and gate arrays, standard cell circuits provide a cost
effective custom solution for medium production volumes
of ten to fifty thousand units per year. In addition to their
relative advantages, standard cell circuits offer all of the
expected benefits of any custom or semicustom design—
low cost, high reliability, reduced space and power require-
ments, superior performance and proprietary protection.

Standard Cells at AMI

AMI’'s standard cells are presently designed for use with a
state-of-the-art 3-micron, silicon-gate CMOS process.
Although the drawn geometries in this process are 3
microns, the effective channel lengths are typically less
than 2 microns. AMI will introduce their fourth generation
standard cell families, in 2-micron CMOS, during the se-
cond half of 1984.

There are two broad categories of standard cells, in AMI's
present 3-micron cell families. The first category, Standard
Cells, are characterized by their fixed cell heights and var-
iable cell widths. These Standard Cells have been designed
with horizontal power and ground busses running through
each cell, in order to eliminate the need for separate power
supply connections to each cell. Also, the need for ineffi-
cient route-through cells is minimized, by-providing all
signal inputs and outputs at both the top and bottom edges
of each cell.

The second category of standard cells, Macro Cells, are
recognized by their high degree of cell complexity, variable
cell heights and variable cell widths. Macro Cells are circuit
subsystems which have been designed as relatively large,
internally customized cells. Possible Macro Cells include
CPU, UART, memory, A/D converter and display driver cells.

AMI Standard Cell Design

From a design point of view, both Standard Cells and Macro
Cells are treated in the same manner. Each cell is initially
designed on a color graphics terminal, with the help of
AMV's SIDS™ (Symbolic Interative Design System). SIDS is
a custom circuit CAD system developed by AMI and proven
in the design of over 100 Optimized Full Custom and Inter-
active Custom Standard Cell circuits. Once the cell’s SIDS
layout has been completed and satisfactory electrical per-
formance has been verified (using ASPEC and AMI’s pro-
prietary circuit models), the cell can be stored in a standard
cell library database.

A standard cell chip is designed by selecting cells from the
standard cell library and then using CAD tools, such as
CIPAR™ (Circuit Interactive Place And Route), to arrange
the desired cells and perform the necessary intercon-
nections. If the circuit requires any unique cells or custom
circuitry, the SIDS-based design approach facilitates the
integration of the special circuitry with the standard celis.
With 18 years of experience in the design of over 3000 cir-
cuits, AMI is uniquely qualified to offer the best solution to
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your Semicustom and interactive Custom Standard Cell
Circuit needs.

Standard Cell Families

AMI’'s present generation of standard cells contains three
different 3-micron CMOS cell families. Two of these
families are best suited for high-performance, high-density
digital circuits, with limited analog functions. The third
family is capable of higher operating voltages and, it offers
extensive analog, digital and high-voltage capabilities. For
a summary of AMI's standard cell famillies, please refer to
Table 3, at the end of this section.

Single-Metal Standard Cells

The single-metal cell family is used for primarily digital cir-
cuits, with an operating voltage range of 2.5 volts to 6.0
volts. At the cell level, the single-metal cells can operate at
speeds of up to 35 MHz. However, the resistivity of the
polysilicon interconnect limits the overall circuit perfor-
mance to around 20 MHz.

Table 1.

Double-Metal Standard Cells

The double-metal cell family also operates at 2.5V to 6.0V
and, its functional capabilities are similar to those of the
single-metal cell family. The double-metal cell level perfor-
mance is also 35 MHz but, significantly higher perfor-
mance can be achieved at the circuit level. Because a se-
cond layer of metal is available for cell interconnection, cir-
cuit density can be improved and, the entire circult can
operate at 35 MHz.

High-Voltage/Analog Standard Cells

This single-metal cell family offers extensive analog
design capability (as well as digital) and can operate at
voltages up to 10 voits. In addition, a patented design
technique allows the construction of 30-volt output buf-
fers. This 30-volt output capability is used in AMI’'s CSDD™
(Custom Smart Display Driver) Macro Cells.

Standard Cell Development Flexibility

AMI offers four basic options for developing a standard
cell circuit. These options are summarized in Table 1.

AMI CUSTOMER
DESIGNED SHARED WORKSTATION  DESIGNED
DEVELOPMENT DEVELOPMENT DEVELOPMENT DEVELOPMENT

FUNCTIONAL SPECIFICATION C C C C
LOGIC SCHEMATIC C C C C
ELECTRICAL SPECIFICATION C C C C
BREADBOARD (IF BUILT) C c c C
MOS LOGIC SCHEMATIC (LOGIC USING CELL ELEMENTS) 0 C C C
LOGIC SIMULATION A C C C
TEST VECTOR GENERATION A 0 0 c
CIRCUIT DESIGN A 0 0 C
TEST PROGRAM DEVELOPMENT/DEBUG A 0 0 0
LAYOUT PLAN (CELL LOCATION) A 0 0 0
LAYOUT (INTERCONNECTION) A A A 0
PATTERN GENERATOR TAPE (COMPUTER TAPE OF LAYOUT) A A A 0
PHOTO MASKS A A A A
WAFER FABRICATION A A A A
ASSEMBLY A A A A
A = AMI

TASK C = CUSTOMER TASK
0 = OPTIONAL - CUSTOMER OR AMI TASK

AMI Designed Development

For an AMI designed development, the customer provides
a functional description, logic schematic and complete
electrical specification. AMI will use this input to perform
all of the other design activities, including standard
cell/MOS logic design, development of any special cells,
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logic simulation, critical path analysis, layout, mask
generation, wafer fabrication, assembly and test develop-
ment. This development option allows the customer to
draw upon AMI's vast MOS circuit design experience,
when the customer does not wish to be an active partici-
pant in the entire design process.
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Shared Development

In a shared development, certain intermediate tasks can
either be done by AMI or by the customer. These tasks in-
clude logic simulation, critical path analysis, layout plan-
ning, test vector generation and test program generation.
The customer can decide whether to do one of these tasks,
several tasks or all of them.

To assist in a shared development, AMI can provide the
customer with a Standard Cell Design Manual. The Design
Manual is a complete technical reference for AMI Standard
Cell Design. It contains general information on designing
with AMP’s standard cells, including how to estimate the
circuit’s AC performance, power consumption and die size.
The Design Manual also includes a complete set of detailed
data sheets for each of the individual cells. In order to keep
the Design Manual current, an update subscription is
available.

Workstation Development

AMI’s standard cells are supported on several commer-
cially available engineering workstations, including DAISY
and MENTOR. AMI! will provide a standard cell library
database for use with the workstation. The customer can
use the workstation to perform schematic capture, netlist
generation and logic simulation. AMI will accept a netlist
and will complete the development from that point.

Customer Designed Development

For customers who wish to perform the entire circuit
design, AMI will license the use of all cell families. The
standard cell tooling database may be used in conjunction
with the customer’s own CAD tools or, the customer may
license the necessary circuit design tools directly from
AMI.

In a customer designed development, the customer is
responsible for the entire circuit design, up to the creation
of a pattern generator tape. The PG tape will be used to
make the wafer processing masks. This type of develop-
ment allows interested customers to use their own MOS
design capabilities, without having to build a mask making
or wafer fabrication facility.

Development Schedule

One of the primary objectives of standard cell circuits is to
design a high-performance MOS/VLSI chip in the shortest
time span possible.

With standard cells, circuit design can be almost
eliminated because the functional and performance
characteristics of the individual cells have already been
determined. Most of the remaining circuit design is
devoted to verifying that the overall circuit’s timing and
power requirements have been met.

When standard cells are used, layout can be done
automatically, with a CAD place and route program such as
CIPAR. Because most of the layout only involves the inter-
connection of previously designed cells, the possibility of

2.4

error is greatly reduced. All of these factors combine to
decrease the development span and increase the
likelihood that the first silicon will work properly.

Development Cost

Most AMI standard cell developments cost between
$20,000 and $75,000. Several factors affect this develop-
ment cost, including die size, circuit complexity, speed re-
quirements, development task responsibilities and test
development responsibilities.

The most obvious factor affecting the development cost is
the die size and number of cells required to implement the
desired circuit functions. The “2-input gate equivalence”
given in Table 3 can be used as a shortcut method to deter-
mine the die size, without performing a detailed analysis of
the circuit. With a larger die size, development costs will
rise.

Similarly, development costs are increased if special
layout is required to meet critical timing requirements, if
new cells are required, or if the circuit contains very little
repetitive logic.

Because of the flexibility of AMIl's design interface,
development costs can vary widely, depending on how
many of the development tasks are performed by the
customer. For instance, a development that starts with a
functional circuit description will be more expensive than a
development from a customer’s netlist.

One of the most important development tasks is the test
development. Not only does the quality of the production
parts depend upon a thorough test program, the test
development also accounts for fifteen to forty percent of
the total development cost. If a customer is able to provide
detailed testing information, the test development cost
can be substantially reduced.

Table 2 provides a summary of the high- and low-cost
development options for several different circuit sizes. The
first column is based upon an AMI designed development,
where the customer has provided a functional description,
logic schematic and complete electrical specification. The
second column assumes a shared (or workstation) develop-
ment with a netlist input, completed logic simulation, and
customer-supplied test program. In this example, AMI is
responsible for the basic development tasks of automatic
layout, mask-making, wafer fabrication, assembly and test
program review.

Table 2. AMI Standard Cell Development Cost

3-Micron, Single-Metal CMOS Standard Cells

Number of Netlist Input Logic Diagram Input
2-Input (Automatic Layout) (Interactive Layout)

Equivalent
Gates Relative Cost  Typical Span  Relative Cost  Typical Span

200 1.00 9 weeks 1.80 13 weeks

1000 1.25 10 weeks 2.50 17 weeks
1500 1.35 10 weeks 2.95 19 weeks
2000 1.50 11 weeks 3.35 21 weeks
2500 1.60 11 weeks 3.75 23 weeks
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Table 3. Single-Metal CMOS Standard Cell Summary
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2-Input CMos TTL

Cell Description Gate 4000 74LS00
Name Equivalent Functional Functional

Equivalent Equivalent
AA025 2-Input AND 1.5 1/4 4081 1/4 741508
AA027 2-Input AND 1.5 1/4 4081 1/4 741508
AA035 3-Input AND 2.0 1/3 4073 1/3 74L811
AAD45 4-Input AND 2.5 1/2 4082 1/2 741821
A0015 1x2-Input AND into 2-Input OR 2.5
A0025 2x2-Input AND into 2-Input OR 3.0 1/4 4019
A0035 3x2-Input AND into 3-Input OR 4.5
AQ0045 2x3-Input AND into 2-Input OR 4.0
A0055 1x3-Input AND + 1x2-Input AND into 2-input OR 3.5
AQ065 1x3-input AND + 1x2-Input AND into 3-input OR 4.5
A0075 1x2-Input AND into 3-input OR 3.5
A0085 1x3-Input AND into 2-Input OR 3.0
A0095 1x3-Input AND into 3-Input OR 4.0
DFOF5 D-Type Flip-Flop, without Set or Reset 6.0
DF105 D-Type Flip-Flop, with Set 7.0
DF115 D-Type Flip-Flop, with Reset 7.0 1/4 74L8175
DF125 D-Type Flip-Flop, with Set and Reset 8.0 1/2 4013 1/2 741874
DF127 D-Type Flip-Flop, with Set and Reset 8.0 1/2 4013 1/2 741574
DF205 D-Type Flip-Flop, only Q Out 5.5
DF207 D-Type Flip-Flop, only Q Out 5.5
DF3F5 D-Type Flip-Flop, with Synchronous Load 8.5
DL115 Data Latch, with Reset 4.5
DL117 Data Latch, with Reset 4.5
DL245 Data Latch, with only Q Out, GT/GTN 2.5
ENO15 Exclusive NOR 2.5 1/4 4077 1/4 7415266
E0015 Exclusive OR 2.5 1/4 4070 1/4 741586
|1B01C5 Input Pad, CMOQS, Core Limited 1.0
|BO1P5 input Pad, CMOS, Pad Limited 1.0
IB09C5 Input Pad, TTL, Core Limited 1.25
IBO9P5 Input Pad, TTL, Pad Limited 1.25
INO15 Inverter 0.5 1/6 4069 1/6 74LS04
INO17 Inverter 0.5 1/6 4069 1/6 741504
1003C5 1/0 Pad, CMOS, Core Limited 4.5
1003P5 1/0 Pad, CMOS, Pad Limited 4.5
IT015 Internal Tri-State Buffer, Non-Inverting 2.0
IT017 Internal Tri-State Buffer, Non-Inverting 2.75
17025 Internal Tri-State Buffer, Inverting 1.5
IT027 Internal Tri-State Buffer, Inverting 3.25
MC015 Static Power-On-Reset 2.5
MU215 2:1 Digital Multiplexer 3.0 1/4 40257 1/4 7418157
NA025 2-Input NAND 1.0 1/4 4011 1/4 74LS00
NA027 2-Input NAND 1.0 1/4 4011 1/4 74LS00
NA035 3-Input NAND 1.5 1/3 4023 1/3 74L810
NAQ37 3-Input NAND 1.5 1/3 4023 1/3 741510
NAD45 4-Input NAND 2.0 1/2 4012 1/2 74L820
NA055 5-Input NAND 2.5
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Table 3. Single-Metal CMOS Standard Cell Summary (Continued)

2-Input CMOS TTL
Cell Description Gate 4000 74L800
Name Equivalent Functional Functional
Equivalent Equivalent
N0025 2-Input NOR 1.0 1/4 4001 1/4 741802
NQ027 2-Input NOR 1.0 1/4 4001 1/4 741802
N0035 3-Input NOR 1.5 1/3 4025 1/3 74L827
NO045 4-Input NOR 2.0 1/2 4002
0B03C5 Qutput Pad, TTL/CMOS, Core Limited 1.0
0BO3P5 Output Pad, TTL/CMOS, Pad Limited 1.0
0B09C5 Output Pad, TS, Core Limited 3.5
0B09PS Output Pad, TS, Pad Limited 3.5
0R025 2-Input OR 1.5 1/4 4071 1/4 741832
0R027 2-Input OR 1.5 1/4 4071 1/4 741832
0R035 3-Input OR 2.0 1/3 4075
0R045 4-lnput OR 2.5 1/2 4072
PPO1C Vgg Power Pad, Core Limited n/a
PPO1P Vgg Power Pad, Pad Limited n/a
PP02C Vpp Power Pad, Core Limited n/a
PPO2P Vpp Power Pad, Pad Limited n/a
RA015 RAM 0 Configuration 1 (16 x 8) 568.5
RAOAS RAM Core Cell 60.0
RAOBS RAM Write Address Decode 52.5
RAOCS RAM Read Address Decode 36.0
SC105 Synchronous Counter, with Ripple Carry and Set 10.5
SC115 Synchronous Counter, with Ripple Carry and Reset 10.5
SC125 Synchronous Counter, with Ripple Carry and Reset 11.5
5C925 Up/Down Counter with Ripple Carry and Set 17.5
TF105 Toggle Flip-Fiop, with Set 7.0
TF115 Toggle Flip-Flop, with Reset 7.0
TF125 - Toggle Flip-Flop, with Set/Reset 8.0
7701 - Vertical Route Through n/a
77202 - Right P-Well End Cell n/a
2203 Left P-Well End Cell n/a

'DF125: Reset and Set are asserted Low
4013: Reset and Set are asserted High
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Table 3. 3u Double-Metal CMOS Standard Cell Summary -] «
2-nput CMOS I zg

Cell Description Gate 4000 740800 =
Name Equivalent Functional Functional

Equivalent Equivalent
AA025 2-Input AND 1.5 1/4 4081 1/4 74LS08
AA027 2-Input AND 1.5 1/4 4081 1/4.74LS08
AA035 3-Input AND 2.0 1/3 4073 1/3 741811
AA045 4-Input AND 2.5 1/2 4082 1/2 74LS21
A0015 1x2-Input AND into 2-Input OR 2.5
A0025 2x2-Input AND into 2-input OR 3.0 1/4 4019
A0035 3x2-Input AND into 3-Input OR 4.5
A0045 2x3-Input AND into 2-Input OR 4.0
A0055 1x3-Input AND + 1x2-Input AND into 2-Input OR 3.5
A0065 1x3-Input AND + 1x2-Input AND into 3-Input OR 4.5
A0075 1x2-Input AND into 3-input OR 3.5
A0085 1x3-Input AND into 2-Input OR 3.0
A0095 1x3-Input AND into 3-Input OR 4.0
DFOF5 D-Type Flip-Flop, without Set or Reset 6.0
DF105 D-Type Flip-Flop, with Set 7.0
DF115 D-Type Flip-Flop, with Reset 7.0 1/4 74L8175
DF125 D-Type Flip-Flop, with Set and Reset 8.0 1/2 4013 1/2 74LS74
DF127 D-Type Flip-Flop, with Set and Reset 8.0 1/2 4013 1/2 741574
DF205 D-Type Flip-Flop, only Q Out 5.5
DF207 D-Type Flip-Flop, only Q Out 5.5
DL115 Data Latch, with Reset 4.5
DL117 Data Latch, with Reset 4.5
DL245 Data Latch, with only Q Out, GT/GTN 2.5
ENO15 Exclusive NOR 2.5 1/4 4077 1/4 7415266
E0015 Exclusive OR 2.5 1/4 4070 1/4 74LS86
1B01C5 Input Pad, CMOS, Core Limited 1.0
1BO1PS Input Pad, CMOS, Pad Limited 1.0
1B09CS Input Pad, TTL, Core Limited 1.25
1BO9PS Input Pad, TTL, Pad Limited 1.25
INO15 Inverter 0.5 1/6 4069 1/6 74LS04
INO17 Inverter 0.5 1/6 4069 1/6 74LS04
1003C5 1/0 Pad, CMQS, Core Limited 4.5
1003P5 1/0 Pad, CMOS, Pad Limited 4.5
ITO15 Internal Tri-State Buffer, Non-Inverting 2.0
17017 Internal Tri-State Buffer Non-Inverting 2.75
IT025 Internal Tri-State Buffer, Inverting 1.5
1T027 Internal Tri-State Buffer, Inverting 3.25
MCO015 Static Power-On-Reset 2.5
MU215 2:1 Digital Multiplexer 3.0 1/4 40257 1/4 74LS157
NA025 2-Input NAND 1.0 1/4 4011 1/4 74LS00
NA027 2-Input NAND 1.0 1/4 4011 1/4 74LS00
NA035 3-Input NAND 1.5 1/3 4023 1/3 74LS10
NA037 3-Input NAND 1.5 1/3 4023 1/3 74L510
NA045 4-Input NAND 2.0 1/2 4012 1/2 74LS20
NA055 5-Input NAND 2.5
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Table 3. 3u Double-Metal CMOS Standard Cell Summary (Continued)

2-Input CMOS TTL
Cell Description Gate 4000 74L800
Name Equivalent Functional Functional
Equivalent Equivalent
N0025 2-Input NOR 1.0 1/4 4001 1/4 741802
NO027 2-Input NOR 1.0 1/4 4001 1/4 741802
N0035 3-Input NOR 1.5 1/3 4025 1/3 74L827
NO045 4-Input NOR 2.0 1/2 4002
0B03C5 Output Pad, TTL/CMOS, Core Limited 1.0
0BO03P5 Output Pad, TTL/CMOS, Pad Limited 1.0
0B09CS Output Pad, TS, Core Limited 3.5
0B09P5 Output Pad, TS, Pad Limited 3.5
0R025 2-Input OR 1.5 1/4 407 1/4 741832
0R027 2-Input OR 1.5 1/4 4071 1/4 741832
OR035 3-Input OR 2.0 1/3 4075
0R045 4-1nput OR 2.5 1/2 4072
PPO1C Vgg Power Pad, Core Limited n/a
PPO1P Vss Power Pad, Pad Limited n/a
PP02C Vpp Power Pad, Core Limited n/a
PP0O2P Vpp Power Pad, Pad Limited n/a
RA015 RAM 0 Configuration 1 (16 x 8) 568.5
RAOAS RAM Core Cell 60.0
RAOB5 RAM Write Address Decode 52.5
RAOC5 RAM Read Address Decode 36.0
SC105 Synchronous Counter, with Ripple Carry, Set 10.5
SC115 Synchronous Counter, with Ripple Carry, Reset 10.5
SC125 Synchronous Counter, with Ripple Carry, Reset 11.5
SC925 Up/Down Counter, with Ripple Carry, Set, Reset 17.5
TF105 Toggle Flip-Flop, with Set 7.0
TF115 Toggle Flip-Flop, with Reset 7.0
TF125 Toggle Flip-Flop, with Set, Reset .0
7701 Vertical Route Through n/a
7702 Right P-Well End Cell n/a
2203 Left P-Well End Cell n/a

'DF125: Reset and Set are asserted Low
4013: Reset and Set are asserted High
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Spectrum of Custom Solutions

No other company can match AMVI’s track record in develop-
ing state-of-the-art custom MOS products. With more than
2000 custom devices designed and manufactured since
1966, AMI has more experience than any other integrated
circuit company in building a wide variety of custom in-
tegrated circuits.

AMI not only has the experience, but the design engineer-
ing organization and the advanced production and testing
facilities to produce the highest quality MOS/VLSI circuits.
And because AMI aiso offers standard memory, micropro-
cessor, telecommunication and consumer products and
the widest variety of custom VLSI processes in the indus-
try, we're able to be objective in heiping customers deter-
mine their most cost effective approach.

The Spectrum of Solutions

The decision to use a custom circuit depends on your
system design requirements — such things as complexity,
features, size and power limitations. But no longer is your
custom decision limited by low volume or short develop-
ment time — not when you come to AMI.

AMI has a full spectrum of custom solutions to assure you
get that solution which meets your system performance
and time-to-market requirements at the lowest possible
cost.

AMI's spectrum of solutions bridges the total span of
volume, timing and interface needs of our customers. From
semicustom designs, to full custom design — somewhere
on the spectrum, your development time and volume
requirements can be met. For customers who already have
their designs, AMI can provide custom fabrication from the
customer’s tooling. We will teach custom design if that’s
what the customers need. And we can even go a step further
andlicense the technology for a customer to set up his own
fabrication capability. No other company offers such a
spectrum of solutions. And no other company has more ex-
perience at helping you pick the best solution for your
needs.

Semicustom Gate Arrays

Gate arrays are the best solution for circuits of moderate
complexity in low-to-medium volume applications or where
the shortest possible development time is required. AMI of-
fers both gate arrays and standard cell design methods for
semicustom circuit development.

AMI CMOS semicustom gate arrays are standard logic lay-
outs of everything except the final metal interconnect pat-
tern. Since only the final pattern needs to be developed to
customize your circuits, both development time spans and
development costs are dramatically reduced. Because
wafers containing arrays are preprocessed and inventoried,
production lead times are short.

For more details on AMI's gate arrays, refer to the “Gate
Array” section of this catalog.

3.2

Standard Cell Custom

Standard cells are custom circuits which are designed from
computer stored modular cells. The computer assembles
the cells into a collection of functional blocks to form a
custom circuit. Since standard cells utilize predesigned
cells, development time is reduced dramatically and devel-
opment costs are cut 30 to 50 percent over conventional
custom design. Circuit size is likely to be slightly larger
than a conventional custom circuit, so they are most appro-
priate where rapid development is more important than
minimal size. Standard cells are cost effective in volume
levels beginning around 10,000 circuits.

For more details on AMI standard cells refer to the “Stan-
dard Cell” section of this catalog.

The Advantages of Custom Circuits

Since a single custom MOS/VLSI chip can replace expen-
sive electromechanical devices, discrete logic compo-
nents, or less efficient general purpose LSI circuits, it
offers a number of benefits not available with standard
logic.

Custom circuits save money. Grouping functions onto a
single chip lowers production and inventory costs dramati-
cally. That reduces your product manufacturing costs as
well.

Custom circuits are more reliable. Putting a complete system
on a chip trims component count, improving both product
reliability and production yields. Rework, repair and
replacements are minimized.

Custom circuits reduce space and power requirements.
Fewer components means both space and power require-
ments are reduced.

Custom circuits offer superior performance. Since the circuit
is designed to your requirements, features and functions
can be incorporated which are not available in general pur-
pose chips. Special tailoring reduces test requirements as
well.

Custom circuits offer proprietary protection. Being tailored
exactly to your requirements, a custom circuit cannot be
easily duplicated. This can help put you ahead — and keep
you ahead — of your competition.

Optimized Custom Design

Where end product volume is high — beyond 50,000 units
per year — or where special requirements for lowest power,
minimal space or highest performance exist, the solution is
likely to be conventional custom design. By optimizing cir-
cuit elements and layout for a specific part, die size is sub-
stantially smaller than using semicustom design methods.
In high volume applications, a smaller die size results in
lower unit cost to the customer.
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In addition, custom designs allow you to combine logic ele-
ments, memory, and analog circuits in a single device. This
design flexibility is not available in gate arrays and only
available to a limited extent in standard cells.

Digital and Analog Combinations

AMI is a leading innovator in combining digital and analog
functions on a single chip. We can combine any of the func-
tions below into an optimum circuit configuration to meet
your needs. Unique combinations of these functions are
already used in many applications in the communications,
consumer, and industrial marketplace.

DIGITAL ANALOG
PLA OP AMP
ALU Oscillator
Inverter Comparator
RAM and ROM Voltage Reference

Shift Register
Interface Driver
Automatic Power Down

A/D and D/A Converters

Switched Capacitor Filters

Programmable Power Down
Phase Locked Loops

Instrumental in the design of custom circuits is our
Symbolic Interactive Design System (SIDS). The design is
done primarily with SIDS where a layout designer works
with symbols directly at a large screen alphanumeric color
CRT. After the SIDS circuit design has been completed and
verified, the symbols are converted to polygons and a 10X
reticle tape is prepared.

With SIDS, error correction, circuit modification and area
relocations take only minutes. That significantly reduces
design cycle time and development costs.

Computer-aided hand-drawn layouts are used to reduce
extremely complex circuits to the absolute smallest size.
Development time and costs are higher, but in certain
cases, size or complexity requirements may require the
hand-drawn approach.

Customer Owned Tooling (Silicon Foundry)

For customers who require the support of AMI’s silicon
foundry, we offer vast production capacity and a large
engineering staff. Over the past decade, AMI has produced
over 1200 circuits from customer designs—everything
from standard products to gate arrays, standard cells, and
full (interactive) custom circuits. When you use AMI’s foun-
dry services, you'll receive experienced support and a broad
line of processes to choose from. AMI has full in-house
manufacturing capability so none of our work is subcon-
tracted. In addition, since AMI produces no systems, we
won’t be competing with you in your markets.

3.3

AMI offers flexible design input options:

- Referral to qualified AMI-subcontracted design houses
- Customer generated workstation designs

- Pattern generator tapes .

- Database tapes

- Working plates

¢ World's broadest process capability—over 27 processes

- PMOS

- CMOS: 7.5u to 3.0u

- NMOS: 6.0u to 3.0u
Packaging Flexibility

- Wafers

- Dice

- Broad range of IC packages

Additional resources for the customer in design/
development/production

Advanced technology

* Low cost

Short design-to-production cycle—4-5 weeks

Best quality (currently 0.04%)

Multiple source security for critical customer devices
* Design security with non-disclosure agreements

¢ Control of design/development/production

Semicustom Group

One of the most innovative approaches to AMI's IC
business has been the organization of specialized depart-
ments for marketing, training, technology interfaces and
applications support. Because of AMI’s experience in the
semicustom business, many customers depend upon AMI
to provide the leadership in these areas.

The Corporate Training Department provides seven dif-
ferent training courses which are the best in our industry.
Training courses which cover Gate Array and Standard Cell
Design, CAD Software, Workstation Interface Training, and
the usage of AMI Family Cells are offered on a monthly
basis. As a result of this training, customer learning and
personal productivity is enhanced which produces excel-
lent results in first time circuit successes.

TIS Marketing is responsible for the licensing of AMI’s CAD
Technology. The CAD System is composed of 56 different
software programs which cover the applications of Sche-
matic Entry, Logic Simulation and layout of Standard Cells,
Gate Arrays and Full Custom Circuits. AMI’s CAD System is
the only portable integrated CAD package in the world
which has been developed, tested, and utilized and tested
internally by a silicon foundry.

The Technology Interface Department is the consulting arm
of the Semicustom Group. If you desire to build a manufac-
turing facility, install a new process line for manufacturing,
or just ask questions, the Technology Interface Department
is ready to support you.
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AMI CAD Technology

AMI provides advanced computer-aided design tools for
MOS/VLSI circuit design in an integrated system that sup-
ports the full continuum of design styles, from semicustom
gate arrays to custom standard cells, macro cells, and
handcrafted circuitry.

The complete system includes programs for design cap-
ture, design verification, mask design using automatic and
interactive placement and routing techniques, symbolic
mask design, and test program development.

All of AMI's design tools operate from a common database,
HOLD™, This logic database is accessed by all AMI CAD
tools requiring a logic description of the circuit being
designed. Since the circuit description is entered into the
computer only once, time is saved and the possibility of
transcription errors is eliminated.

Customers using major workstations can interface with
AM!'s CAD system at several points during the design cy-
cle. You can perform schematic capture on your worksta-
tion, then turn the netlist over to AMI and we’ll complete the
design process for you. Or you can go a step further and do
the logic simulation and timing verification on your work-
station and then let AMI take it from there. If your worksta-
tion has the capability you can also do the physical layout
yourself and provide AMI with a database tape.

AMi will also license its software for you to use on your own
computer system. AMI’'s CAD system can easily be con-
figured on small computer systems to support just one user
(a workstation) or on large computer systems to support an
entire design department (time-sharing). All AMI CAD soft-
ware has been developed in portable programming
languages, primarily FORTRAN and PASCAL, thereby
minimizing the difficulty of installing the software on dif-
ferent computer systems.

Design Capture
® Schematic Entry (EAZEL™)

Permits designer to create and edit circuit schematics
interactively, using a monochrome or color graphlcs ter
minal. Creates a logic database (HOLD).

¢ Hardware Description Language Compilation (BOLT™)

Compiles the hardware description of a circuit into a com-
mon logic database (HOLD) file used by other AMI CAD
tools.

® HOLD to BOLT Decompilation (UNBOLT™)

Converts a HOLD file created by EAZEL or BOLT and
possibly modified during mask design, back into a hard-
ware description language file, for inspection purposes.

* Electrical Rules Checking (CHEER™)

Verifies that the circuit description stored in a HOLD file
does not violate any common electrical rules.

3.4

Logic Design

¢ Logic Simulation (SIMAD™)

Digitally simulates logic network behavior for both logic
design verification and functional test pattern develop-
ment.

* Test Vector Language Compilation (TESS™)

Allows designers to enter and generate tests for validating
chip designs.

¢ Propagation Delay Calculation (DLAY™)

Provides accurate propagation delay parameters based on
mask layout information.

Circuit Simulation/Analysis

¢ Circuit Simulation (AMISPICE™)

Determines transistor level circuit behavior in terms of
node voltages, branch currents and component power
dissipations.

¢ Switched Capacitor Filter Analysis (SCARII™)

Provides simulation and optimization of switched capacitor
circuits.

¢ Pole-Zero Analysis (PZSLIC™)

Calculates the location of poles and zeros in the S-plane
during frequency domain analysis of linear ICs.

¢ Manufacturing Statistical Analysis (MSAS™)

Analyzes parametric test data to obtain component model
parameter data for use in circuit design.

Mask Design

* Standard Cell Placement and Routing (CIPAR™)
Automatically/interactively creates a chip floor plan, a com-
plete standard cell circuit layout, or a macro cell chip.

¢ Gate Array Placement and Routing (GAPAR™)
Automatically creates a complete single or double metal
gate array layout (some interactive editing is required).

¢ Symbolic Interactive Design (SIDS™)

Permits symbolic design and checking of custom cells and
circuits, using a color alphanumerics terminal.

* Mask Layout Editing (GLIDE™)

Permits manual entry and editing of geometric database
(GDB) files.

¢ Symbolic Design Rule Checking (SDRC™)

Performs design rule checking of symbolic mask files.

¢ Symbolic Trace and Netlist Extraction (STRACE™)
Extracts netlists from symbolic mask (SIDS) files for use in
continuity checking.

* Symbol to Polygon Conversion (STP™)

Converts a file containing a symbolic layout to one contain-
ing an equivalent geometric layout.
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* Symbolic Printer (SPRINT™)

Prints/plots a symbolic layout file.

¢ Gate Array Design Rule Checking (GADRC™)

Performs design rule checking of gate array mask (GDB)
files.

* Gate Array Trace and Netlist Extraction (GATRACE™)
Extracts netlist from gate array mask (GDB) files for use in
continuity checking.

¢ Geometrical Mask Plotting (GPLOT™)

Creates a Versatec plot of a geometric database (GDB) file.
¢ Logic Database Netlist Extraction (HOLDNET™)

Extracts netlists from logic (HOLD) databases for use in
continuity checking.

¢ Continuity Checking (COMPARE™)

Compares the logic description to the circuit traced from
the mask layout.

¢ Netlist File Dump Utility (DUMPNET™)

Produces an easy-to-read listing of the transistors and their
interconnections contained in a netlist file.

* Mask Capacitance Extraction (GCAP™)

Produces a nodal capacitance report from geometrical
mask data.

¢ Polygon to Rectangle Conversion (SMASH™)

Fractures polygon mask data into rectangles for further
processing by pattern generators.

* Pattern Generation (PATGEN™)

Prepares PG tapes from fractured geometric mask data
files.

* Calma Stream Format Conversion (STREAMTOGDB™)
Converts Calma stream format files to AMI geometric
database (GDB) format.

* CIF Format Conversion (CIFTOGDB™)

Converts Caltech Intermediate Form data files to AMI
geometric database (GDB) format.

* Pattern Generator Tape Conversion (PGTOGDB™)
Converts pattern generator tapes to AMi geometric
database (GDB) format so the PG data can be examined ona
graphics system.

Test Design

Test Program Generation (TESTPRO™)

Automatically generates parametric test programs.

¢ Test Pattern Formatting (TESTFORM™)

Generates a compressed functional test pattern based on
stimulilresponse bit patterns obtained during logic simula-
tion.
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¢ TDX Format Tape Reading (READTDX™,)
Permits reading a TDX format tape on host cemputer.

¢ TDX Format Tape Writing (WRITETDX™)
Permits writing a TDX format tape from host computer.

User Interface

Background Mode Execution (RUN)
Allows program to be executed in background mode,
thereby freeing up the user’s terminal for other uses.

* Background Mode Job Cancellation (CANCEL)

Permits users to inspect lists of background jobs they are
currently executing and individually cancel any or all of
them.

* Template Editor (TED)
Provides forms entry capability for entry and saving of infor-
mation needed to run various AMI CAD tools.

* Online Assistance (HELP)

Provides a listing of all AMI CAD tools with brief descrip-
tions, and/or more complete information on a specific tool
selected by the user.

State of the Art Packaging

AMV’s packaging capability spans a broad spectrum, begin-
ning with plastic, ceramic and CERDIP and going on to chip
carriers, die bonding to PC boards and, most recently, mini-
flat packs. As well as being a leader in plastic packaging for
the high volume, low cost consumer industry, AMI's high
reliability plastic packages and chip carriers are accepted
under the stringent requirements in the Telecom and Auto-
motive industries. For more detailed information see the
“Packaging” section in the back of this catalog.

AMI Delivers Quality

AMI quality controls for in-process wafer inspection and
final assembly and test are the best in the industry. Our care
in fabrication, assembly and test mean that you get pro-
ducts that meet your specifications for reliability. In fact,
our own in-house standards are tougher than most of our
customers require. Most importantly, AMI is committed to
making sure that everything we do is done right, every time
we do it.

The Industry’s Highest Standard

AMI has consistently pursued product excellence and has
reached for higher quality levels in finished products ship-
ped. Circuits are inspected to 0.04% AQL or your specifi-
cations, whichever is more stringent.

This 0.04% AQL can put you in a superior competitive posi-
tion. Your incoming test and assembly costs come down
since there is less reworking on the line. And your
customers receive a more reliable product.

=
=
[
[=
[=]
w
o
w

OF CUSTOM
SOLUTIONS




Spectrum of Custom Solutions

Quality Checks 100% die attach checking
Among the routine quality controls exercised over every * 100% lead bonding inspection prior to package sealing

product at AMI are: .
K R . L ¢ Seal checks, fine and gross leak tests
Full logic design checks against system specifications | .
Final digital and analog tests

Circuit simulation to verify performance against ™. .
objectives ¢ Customer specified environmental tests

Working plates check on automatic checkers Meticulous in-process checks are performed on design
Automated mask fabrication checks : and workm_anship at every step, to ensure a full manufac-
in- for fabricati heck turable device. In manufacture, lot process and yield data
n-process water taprication checks are captured and examined as a matter of routine.

Wafer sort tests For more information, see the “Product Assurance” sec-
100% optical inspection at dicing tion at the back of this catalog.
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Telecom Design Manual or contact
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Communication Products Selection Guide

STATION PRODUCTS

Part No. Description Process Power Supplies Packages
S$2550A Speech Network with Tone Ringer CMOS Line Powered 18 Pin
S2559A/8 DTMF Generator CMOS 3.5V 1013V 16 Pin
S2559E/F DTMF Generator CMOS 2.5Vto 10V 16 Pin
$2579 BCD input DTMF Dialer CM0S 3.0Vto 10V 16 Pin
52859 DTMF Generator CMO0S 3.0V to 10.0V 16 Pin
S2560A Pulse Dialer CMO0S 1.5V to 3.5V 18 Pin
$2560G/1 Pulse Dialer CMOS 2.0V to 3.5V 18 Pin
$2561, S2561C Tone Ringer CMOS 4.0V to 12.0V 18 Pin
S2561A Tone Ringer CMOS 4.0V to 12.0V 8 Pin
S2563A Pulse Repertory Dialer, Line Powered CM0S 2V 10 5.5V 40 Pin
$2569/A DTMF Generator with Redial CMOS 2.0V t0 3.5V 16 Pin
$2569B/C DTMF Generator with Redial CMOS 2.0V t0 3.5V 18 Pin
$25089 DTMF Generator CM0S 2.5V 1o 10V 16 Pin
$25610 Repertory Dialer CM0S 1.5V t0 3.5V 18 Pin
§25610E DTMF Repertory Dialer CMOS 2.0V t0 3.5V 18 Pin
$25910/525912 DTMF Repertory Dialer CMO0S Line Powered 16 Pin

PCM PRODUCTS

$3506 A-Law Combo Codec with Filters CMOS +5Y 22 Pin

S3507/A u-Law Combo Codec with Filters CM0S +5V 22/28 Pin

$44230/31/32/

33/34 8 Hitachi Second Source Codecs with Filters CMOS +5V 16 Pin
SIGNAL PROCESSORS

SSPCP/M-1 Software Simulator/Assembler Program Package

$28211 Signal Processing Peripheral (ROM Programmed) NMOS 5V 28 Pin

S28212A/8 Signal Processing Peripheral (Externally Programmed) NMOS 5V 64 Pin

$28214 Fast Fourier Transformer NMOS 5V 28 Pin

$28215 Digital Filter/Utility Peripheral NMOS 5V 28 Pin

MODEM AND FILTER PRODUCTS

§3522 Bell 212/V.22 Modem Filter CM0S 9Vito 11V 16 Pin
$35212 Bell 212/V.22 Modem Filter with 1/0 Filtering CMOS 8V to 12V 24 Pin
S3524 Digital Frequency Detector CM0S +5V 8 Pin
S3525A/B DTMF Bandsplit Filter CMOS 10.0V to 13.5V 18 Pin
53526 2600Hz Band-Pass/Natch Filter CMOS 8V to 13.5V 14 Pin
S3526M 2600Hz Band-Pass/Notch Filter CMOS 9.0V 10 13.5V 16 Pin
$3528 Programmable Low Pass Filter CMO0S 9V to 13.5V 18 Pin
$3529 Programmable High Pass Filter CM0S 9.0V 1o 13.5V 18 Pin
$3530 Single Chip Bell 103/V.21 Modem CMOS 9.5V to 10.5V 28 Pin
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Advanced Product Description S2550A

TWO TO FOUR WIRE TELEPHONE
HYBRID WITH TONE RINGER

Features [0 Uses Inexpensive and Non-Critical External
O Monolithic IC Consisting of the Speech Network Components
and Tone Ringer General Description
O Interfaces With Inexpensive Condenser Electret The S2550A is a monolithic CMOS IC consisting of a

Microphone, Electromagnetic Receiver and a

hybrid circuit for telephone speech functions and a
Piezoelectric Ringer Transducer y P P

: ] . tone ringer circuit. The hybrid circuit performs the 2/4
L Automatic Gain Adjustment for Loop Loss wire conversion for transmission and reception of

Compensation ) speech in a telephone handset. The tone ringer circuit
O Low Voltage CMOS Process for Operation Over generates an audible tone coincident with the incom-

Varying Loop Lengths and Currents ing ringing signal through a piezoelectric transducer or
a high impedance speaker.
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Functional Block Diagram Pin Configuration
1sl 5 4 15
Voo AGCs AGCp [
10 | LINE
y y
6 | AGCy P |
~100K ¥
4
16| AGC
*~— -
LINE CURRENT
14 | Tw M LNE SENSE & AGC -
¢ AMP AMP oc|7 TRar (] 1 18 [ Voo
v * Ny ] 2 17 [ Rser
NH, [ 3 16 [T AGC
17 | Bser AGCr [| 4 15 [ An
A6ts (] 5 S2550A 14 [ Tw
\ ager (] 6 138
c]7 12 R
Ror (] 8 ne
vis (] 9 16 [] LINE
T0 HODKSWITCH o2 [Nt
Yoo TONE RINGER TRour ] 1
3 [NHz yg ml m2| ¢
8] 13 12 n
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S$2550A

Circuit Description

The S2550A consists of the following functional
blocks.

1. Transmitting transconductance amplifier with AGC.
The transconductance is programmed by an external
resistor to R-set.

2. Receiving transconductance amplifier with AGC.
The output current level is adjusted on pin “DC”.

3. Hybrid circuit. An external RC circuit must be added
to compensate the phase shift for different line length
and line impedance.

4. Line current sensing circuit for automatic gain con-
trol.

5. Tone ringer with output stage capable of driving a
piezoelectric transducer or a high impedance speaker.

Voltage gain of the first stage of transmitting amplifier

Absolute Maximum Ratings

can be adjusted by the ratio of the negative feedback
resistors R11, R12. Current gain and current level is pro-
grammed by R13.

The Inhibit Input 1 turns off the speech part of the cir-
cuit and activates the tone ringer if it is set to logical
“1”. Setting it to logical ““0” activates the speech circuit
and puts the tone ringer output to a high impedance
state. AGC input is active when connected to pin AGCt
via capacitor. The side tone cancelling current is con-
nected to the receiver input pin Ryy.

The automatic gain control of the receiver amplifier is
provided by connection of input R;y to AGCR via a cap-
acitor.

Tone ringer frequency is set by RC time constant on
pins R1, R2 and C. The Inhibit Input 2 is provided to inhi-
bit the oscillator by setting the necessary delay to avoid
false ringing.

Line Voltage V_ ....
Line Current |

....... 15v
120mA
............................................ 0°Cto +70°C

Operating Temperature .......cccccceveeeveenveenne

Storage TEMPErature ........coceeveceennircerecnnsiessssernecresesssessess

............................................................ —-65°C to +140°C

S$2550A Electrical Characteristics (@ 25°C. Measured Using Circuits of Figures 1 and 2.)

Parameter Typ. Max. Test Conditions
Sending Gain f = 1000Hz

Vi Vi = 10mV P-P
Gg =20 Log 40dB 43dB I = 20mA

Vi 33dB 37dB I = 60mA
Sending Gain I = 20 to 80mA
Flatness *+0.5d8 f = 300 to 3400Hz
Sending Distortion @ 20mA I, 2.5% 5% f = 1000Hz

Vi = 10mV P-P

Receiving Gain f = 1000Hz

VR V_ = 100mV P-P
Gr=20 Log - 7dB -1dB +3dB I = 20mA

Vi —13dB —6dB —2dB I, = 60mA
Receiving Gain I = 20 to 80mA
Flatness +0.5dB f = 300 to 3400Hz
Receiving Distortion 2% 5% f = 1000Hz
@ 20mA | Vg = 100mV P-P
Side Tone f = 1000Hz

VR Vi = 10mV P-P
G =20 Log 29dB 36dB L = 20mA

Vi 21d8 28dB I = 60mA
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8$2550A Electrical Characteristics (continued)

Parameter Min. Typ. Max. Test Conditions

Sending Noise 20dBrnCO IL = 60mA
Vp =0V

V), Logic 0" Input Voltage .3V Max.

Viy Logic “'1"" Input Voltage Voo

I_ (Operating Current) 20mA 10mA Min. Note 1

Vpp (Operating Voltage) 2.0V 12V Note 2

Note 1. Aithough the $2550 is tested to @ 20mA minimum loop current, it will normally work down to a 10mA loop current,
Note 2. This is a voltage guideline, not a tested specification. The S2550A is tested at specific loop currents, not voltages.

Table 1. S2550A Pin/Function Descriptions
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Pin # Name Function
1 TRoyt Tone ringer output.
2 INH4 This input selects the tone ringer or the speech network depending on the input level. A high level

inhibits speech network but enables the tone ringer. A low level enables the speech network but in-
hibits the tone ringer.

3 INHp For normal operation this pin can be left open. It has an internal pull-up resistor. To avoid false ring-
ing, a capacitor can be connected to Vgg from this pin to create a delay in response time to ringing
signal.

4 AGCg A capacitor (C4) connected between this pin and Ryy allows loop loss compensation for receiving
gain. This input looks like a variable resistor varying with loop current.

5 AGCg This input also looks like a variable resistor varying with loop current; can be used to modify the
artificial line consisting of R7, R8, and C5.

6 AGCy This input is used to adjust sending gain.

7 DC This input controls DC current through receiver by ratio of two resistors, Rg and Ryg.

8 Rout Receiver output, capable of driving low impedance receivers (300Q value suggested).

9 Vss Negative power terminal.

10 LINE Line Input. AC input impedance seen by the phone line is primarily a function of resistor R3 and Cap
C2 connected between LINE, Vpp and Vgg. This pin modulates the line current.

11 C This pin is to connect external capacitor to form R-C oscillator for tone ringer.

12 Ro External resistor to form R-C oscillator for tone ringer.

13 R4 Tone ringer input to modulate ringing frequency.

14 Tin Microphone input to sending amplifier.

15 Rin Input of receiving amplifier.

16 AGC AGC input for sending amplifier.

17 RseT Input to second stage sending amplifier. (22K for R13 gives approximately SOmA line current at
4.5V. Rggr is inversely proportional to line current.) .

18 Voo Positive power terminal.
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Figure 1. Test Set-Up Using Loop Simulator Shown in Figure 2 to Test Hybrid Functions
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S2550A
Figure 3. Typical Application Circuit for a Rotary Dial Telephone
T AHJA Ry
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8 cs !l
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> N 100 e el Ez;’_,
4 ’ ¥4
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& 10 Co SR
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R 1 $2550A |l Ry 0 -
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R o—c(d’—— 12 g, Rser P17 Y 0T
e LT La—
& INH, Aour b ;:l RES
2 8
Rs
11 ’/
c _.1_ fl 85;/ & ) 05_ ‘ REC.
NOTES: CIRCUIT SHOWN WITH CONTACT POSITIONS N THE ON-HOOK STATE. $1, S2 and S3 ARE HOOKSWITCH CONTACTS.
S4 AND S5 ARE ROTARY DIAL CONTACTS.
Parts List for Application Circuit of Figures 1, 3, 4, 5
R1 = 2KQ R23 = 5KQ C15 = 100uF
R2 = 20Q R24 = 5KQ C16 = 1uF
R3 = 510Q R25 = 1KQ
R4 = 5.6MQ R26 = 100KQ Q1 = 2N5401
RS = 1MQ R27 = 20KQ Q2 = 2N5550
R6 = 500KQ R28 = 10KQ Q3 = 2N5550
R7 = 180KQ R29 = 7.5KQ Q4 = 2N5550
R8 = 39KQ
R9 = 220KQ Ci = 14F VAl = 110V ZENER
R10 = 1MQ €2 = 1004F 22 = 12V ZENER
R11 = 20KQ C3 = .001uF Z3 = 3.9V ZENER
R12 = 3.9KQ C4 = 1AuF
R13 = 22KQ C5 = 220pF D1-D4 = 1N4004
R14 = 20MQ C6 = .1uF
R15 = 1KQ C7 = 14F D5-D6 = 1N914
R16 = 5kQ 8 = 1uF MIC = EM-60 (PRIMO ELECTRO DYNAMIC)
R17 = 150KQ C9 = .1uF
R18 = 10KQ C10 = .014F RES = PIEZOELECTRIC TRANSDUCER OR SPEAKER
R19 = 750KQ C11 = AuF
R20 = 750KQ C12 = 15uF REC = ELECTROMAGNETIC RECEIVER (300Q IMPEDANCE)
R21 = 750KQ C13 = 270pF
R22 = 900Q C14 = 1uF X = 3.58 MHz Crystal



Figure 4. A Typical Application Circuit for an Electronic Telephone
(Circuit Shown With Hookswitch Contact Position $1-S5 in the On-Hook State.)
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Figure 5. A Typical Application Circuit for an Electronic Telephone With DTMF
(Circuit Shown With Hookswitch Contact Position S1-S3 in the On-Hook State.)
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S2559A/BIEIF

DTMF TONE GENERATOR

Features O Oscillator Resistor On Chip (2559E,F)
; ; . O On-Chip Generation of a Reference Voltage to
O wid erating S : 3.5 to 13.
Ide Op g Supply Voltage Range: 3.5 to 13.0 Assure Amplitude Stability of the Dual Tones Over
Volts (A,B) 2.5 to 10 Volts (E,F) the Operating Volt d Temperature Ran
O Low Power CMOS Circuitry Allows Device Power to O Singl é)-er :n o gs \?Ve?lgaesalgouble .FFonel::a abil?te
be Derived Directly from the Telephone Lines or gle 1o ell as pabiiity
f ) O Four Options Available:
rom Small Batteries, e.g., 9V .
. A:3.5 to 13.0V Mode Select
O Uses TV Crystal Standard (3.58MHz) to Derive all B:35 to 13.0V Chip Disable
Frequencies thus Providing Very High Accuracy E:25 to 10V' Mode Select
and Stability F:2.5 to 10V Chip Disable
O Mute Drivers On-Chip
O Interfaces Directly to a Standard Telephone Push- General Description
Button or Calculator Type X-Y Keyboard The $2559 DTMF Generator is specifically designed to
O The Total Harmonic Distortion is Below Industry implement a dual tone telephone dialing system. The
Specification device can interface directly to a standard pushbutton
Block Diagram Pin Configuration
Voo L’—.
3::;,_‘:11%%» 0SCILLATOR 2 TRANSHITIMUTE [ g::l; Y,
T S ] Vo ] 1 16 [ TokE ou
[ — | } xMIT ] 2 15 [T] MDSL/CD
n2 [13}>] Row KEvBOARD ™ Frocnams.c 161, } 8STAGE nesisron | | ¢ []3 14 [k
PEel el [[T] W [ e o s uwpm
Ra 11 }er] l » i ;n } ( 60 s $2559 12 Fin
| | | N
comos. 5] 1 s T (3 I | 1 ooen Vss ] 6 11 [J R
[ L_U_C_lli 3 l ” ose (] 7 10 [ MUTE
o [3]e] Lo : [ | v 0sCo [ 8 93¢
cz E" COLUMN P"“%T\‘,““s":;“i 166, 1 8 STAGE ResisTor | | w o
€3 E KEYBOARD LOGIC: :;'Z‘?;f;‘::: i éuo::r’ﬁgt’: e NLEATl\,:ﬂE:K |
u [9] i | | 15] TONE OUT
| R _|
Vgs E
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S2559A/BIEIF

General Description (Continued)

telephone keyboard or calculator type X-Y keyboard
and operates directly from the telephone lines. All
necessary dual-tone frequencies are derived from the
widely used TV crystal standard providing very high ac-
curacy and stability. The required sinudsoidal wave-
form for the individual tones is digitally synthesized on
the chip. The waveform so generated has very iow total
harmonic distortion. A voltage reference is generated
on the chip which is stable over the operating voltage

Absolute Maximum Ratings (2559A,B)

and temperature range and regulates the signal levels
of the dual tones to meet the recommended telephone
industry specifications. These features permit the
S$2559 to be incorporated with a slight modification of
the standard 500 type telephone basic circuitry to form
a pushbutton dual-tone teiephone. Other applications
of the device include radio and mobile telephones,
remote control, Point-of-Sale, and Credit Card Verifica-
tion Terminals and process control.

..... +13.5V

DC Supply Voltage (Vpp — Vgs) S2559 A, B
Operating Temperature

. =0°Cto +70°C

Storage Temperature ...,
Power Dissipation at25°C
Input Voltage ............

~55°Cto +155°C
500mwW

..... -0.6<V|NSVDp + 06

S2559A & B Electrical Characteristics:

(Specifications apply over the operating temperature range of 0°C to 70°C unless otherwise noted. Absolute values

of measured parameters are specified.)

Symbol Parameter/Conditions (v""’l;’l':ss’ Min. Typ. Max. Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 3.5 13.0 v
Vop
Non Tone Out Mode (No Key Depressed) 3.0 13.0 v
Supply Current
Standby (No Key Selected, Tone, XMIT 3.5 0.4 40 uA
and MUTE Outputs Unloaded) 13.0 1.5 130 uA
oo
Operating (One Key Selected, Tone, XMIT 3.5 0.95 2.9 mA
and MUTE Outputs Unloaded) 13.0 11 33 mA
Tone Output
VoR Single Tone Row Tone, R =390Q 5.0 417 596 789 mvrms
Mode Output Row Tone, R =240Q 12.0 378 551 725 mVrms
Voo Voitage Column Tone, R =390Q 5.0 534 781 1022 mvrms
Column Tone, R =240, 12.0 492 722 955 mvrms
dBgr Ratio of Column to Row Tone 3.6—-13.5 1.75 2.54 3.75 dB
%DIS Distortion™ 3.5-13.5 10 %
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S2559A/BIEIF
S2559A & B Electrical Characteristics: (Continued)
Symbol Parameter/Conditions (v"l“,;“:“) Min. Typ. Max. Units
XMIT, MUTE Outputs
Vou XMIT, Output Voltage loy=15mA 3.5 2.0 2.3 v
(No Key Depressed)(Pin 2) lox =50mA 13.0 12.0 12.3 \
loF XMIT, Output Source Leakage Current Vgp =0V 13.0 100 pA
Vou MUTE (Pin 10) Output Voitage, Low, 3.5 0 0.4 v
(No Key Depressed) No Load 13.0 0 0.5 v
Vou MUTE, Output Voltage, High, 3.5 3.0 3.5 v
(One Key Depressed) No Load 13.0 13.0 13.5 v
loL MUTE, Output Sink VoL=0.5V 3.5 0.66 1.7 mA
Current 13.0 3.0 8.0 mA
low MUTE, Output Source Vou=2.5V 3.5 0.18 0.46 mA
Current Voy=9.5V 13.0 0.78 1.9 mA
Oscillator Input/Output
loL Output Sink Current VoL=0.5V 3.5 0.26 0.65 mA
One Key Selected VoL=0.5V 13.0 1.2 3.1 mA
lo# Output Source Current Vop=2.5V 3.5 0.14 0.34 mA
One Key Selected Vou =9.5V 13.0 0.55 1.4 mA
Input Current
Leakage Sink Current, _
e One Key Selected Vi=13.0v 13.0 10 uA
Leakage Source Current _
I One Key Selected Vin=0.0V 130 1.0 uA
I Sink Current ViL=0.5V 3.5 24 93 uA
No Key Selected ViL=0.5V 13.0 27 130 uA
tsTART Oscillator Startup Time 3.5 3 6 ms
13.0 0.8 1.6 ms
Cijo Input/Qutput Capacitance 12 16 pF
10 14 pF
Input Currents
Sink Current,
m VjL= 3.5V (Pull-down) 35 7 v u
Sink Current
Row & ViL = 13.0V (Pull-down) 13.0 150 400 uh
Column tnputs Source Current
" Vi = 3.0V (Pull-up) 35 %0 230 uh
Source Current,
Viy = 12.5V (Pull-up) 13.0 370 90 uh

*Distortion measured in accordance with the specifications described in Ref. 1 as the “ratio of the total power of all extraneous frequen-
cies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair”.
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S2559A/B/IE/F
S$2559A & B Electrical Characteristics: (Continued)
Symbol Parameter/Conditions (VDI:I;“‘ZSS) Min. Typ. Max. Units
Source Current,
" Mode Select Vi = 0.0V (Pull-up) 35 19 3.6 wA
Input (S2559A) Source Current,
Vi = 0.0V (Pull-up) 13.0 23 74 KA
Source Current,
n Chip Disable V|L = 3.5V (Pull-down) 35 4 10 uA z_ @
=
Input (S25598B) Sink Current, 288
Vi = 13.0V (Pull-down) 13.0 9 240 pA £E3
3°¢F
Absolute Maximum Ratings
DC Supply Voltage (VoD — Vgs) -+ v vttt it ittt it ettt ae et ia i +10.5V
Operating TempPerature ... ...t i e e et i e —0°Cto +70°C
Storage TemMPEIAtUIE . . ..ottt it et e e e e e e e e -30°C to +125°C
Power Dissipation at 25°% C . ... .. .. ittt e e e e e 1000mwW
Digital Input . ... oo e Vgg —0.3<V|N<Vpp +0.3
ANalog INPUL L. e i e i e Vgs — 0.3<V)y<Vpp +0.3

S2559E/F Electrical Characteristics:

(Specifications apply over the operating temperature range of 0°C to + 70°C unless otherwise noted. Absolute
values of measured parameters are specified.)

Symbol Parameter/Conditions (VI:;";I‘:SSS) Min. Typ. Max. Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 2.5 10.0 v
Voo
Non Tone Out Mode (No Key Depressed) 1.6 10.0 v
Supply Current
Standby (No Key Selected, Tone, XMIT 3.0 0.3 30 HA
and MUTE Outputs Unloaded) 10.0 1.0 100 WA
Ipp
Operating (One Key Selected, Tone, XMIT 3.0 1.0 2.0 mA
and MUTE Outputs Unloaded) 10.0 8 16.0 mA
Tone Output
Single Tone Row Tone, | Ry = 390Q 3.5 335 465 565 mvrms
S2559E/F
Mode Output 5.0 380 540 710 mvrms
Vor Voltage Row Tone, | R, =240Q 10.0 380 550 735 mvrms
dBcr Ratio of Column to Row Tone (Dual Tone Mode)
2559E/F 3.5-10.0 1.0 2.0 3.0 dB
%DIS Distortion™® 2559E/F 3.5-10.0 7 %
2559G/H 4.0-10.0 7 %
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S$2559AIBIEIF
S2559E/F Electrical Characteristics: (continued)
Symbol Parameter/Conditions (v':;";l‘:ssS) Min. Typ. Max. Units
XMIT, MUTE Outputs .
v XMIT, Output Voltage, High (log=15mA) 3.0 1.5 1.8 v
ot (No Key Depressed)(Pin 2) (IoH = 50mA) 10.0 8.5 8.8 v
loF XMIT, Output Source Leakage Current, Vo =0V 10.0 100 uA
Vi MUTE (Pin 10) Output Voltage, Low, 2.75 0 0.5
o (No Key Depressed), No Load 10.0 0 0.5
v MUTE, Output Voltage, High, 2.75 2.5 2.75
ot (One Key Depressed) No Load 10.0 9.5 10.0
ot MUTE, Output Sink VoL=0.5V 3.0 0.53 1.3 mA
Current ) 10.0 2.0 5.3 mA
oy MUTE, Output Source Voy=2.5V 3.0 0.17 0.41 mA
Current Voy=9.5V 10.0 0.57 1.5 mA

*Distortion is defined as ““the ratio of the total power of all extraneous frequencies, in the VOICE and above 500Hz, to the total power of
the DTMF frequency pair”.

Table 1. Comparisons of Specified vs Actual Tone Table 2. XMIT and MUTE Output Functional Relationship
Frequencies Generated by $2559
QUTPUT FREQUENCY Hz

ACTIVE % ERROR OUTPUT | ‘DIGIT’ KEY .

INPUT |  SPECIIED ACTUAL SEE NOTE RELEASED | DEPRESSED | Do KEY | COMMENT
R1 697 699.1 +0.30
R2 770 766.2 —0.49 XMIT Vo High Can source at least
R3 852 847.4 —0.54 impedance [ 50mA at 10V with
R4 9 948.0 +0.74 1.5V max. drop
c1 1,209 1,215.9 +0.57
c2 1,336 1,331.7 -0.32
C3 1,477 1,417.9 -0.35 MUTE Vss Voo Can source or
C4 1,633 1,645.0 +0.73 sink current

NOTE: % Error does not include oscillator drift.



S2559A/B/EIF

Figure 1. Standard Telephone Push Button Keyboard
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Circuit Description

The 52559 is designed so that it can be interfaced easi-
ly to the dual tone signaling telephone system and that
it will more than adequately meet the recommended
telephone industry specifications regarding the dual
tone signaling scheme.

Design Objectives

The specifications that are important to the design of
the DTMF Generator are summarized below: the dual
tone signal consists of linear addition of two voice fre-
quency signals. One of the two signals is selected from
a group of frequencies called the “Low Group” and the
other is selected from a group of frequencies called the
“High Group”. The low group consists of four frequen-
cies 697, 770, 852 and 941 Hz. The high group consists
of four frequencies 1209, 1336, 1477 and 1633 Hz. A
keyboard arranged in a row, column format (4 rows x 3
or 4 columns) is used for number entry. When a push
button corresponding to a digit (0 thru 9) is pushed, one
appropriate row (R1 thru R4) and one appropriate col-
umn (C1 thru C4) is selected. The active row input
selects one of the low group frequencies and the active
column input selects one of the high group frequen-
cies. In standard dual tone telephone systems, the

415

highest high group frequency of 1633Hz (Col. 4) is not
used. The frequency tolerance must be +1.0%. How-
ever, the $2559 provides a better than .75% accuracy.
The total harmonic and intermodulation distortion of
the dual tone must be less than 10% as seen at the tele-
phone terminals. (Ref. 1.) The high group to low group
signal amplitude ratio should be 2.0 +2dB and the
absolute amplitude of the low group and high group
tones must be within the allowed range. (Ref. 1.) These
requirements apply when the telephone is used over a
short loop or long loop and over the operating tempera-
ture range. The design of the S2559 takes into account
these considerations.

Oscillator

The device contains an oscillator circuit with the
necessary parasitic capacitances on chip so that it is
only necessary to connect a 10MQ feedback resistor
and the standard 3.58MHz TV crystal across the OSC,
and OSCq terminals to implement the oscillator func-
tion. The oscillator functions whenever a row input is
activated. The reference frequency is divided by 2 and
then drives two sets of programmable dividers, the high
group and the low group.
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S2559A/B/E/F

Keyboard Interface

The S2559 employs a calculator type scanning circuitry
to determine key closures. When no key is depressed,
active pull-down resistors are “on” on the row inputs
and active pull-up resistors are “on” on the column in-
puts. When a key is pushed a high level is seen on one
of the row inputs, the oscillator starts and the keyboard
scan logic turns on. The active pull-up or pull-down
resistors are selectively switched on and off as the
keyboard scan logic determines the row and the col-
umn inputs that are selected. The advantage of the
scanning technique is that a keyboard arrangement of
SPST switches are shown in Figure 2 without the need

for a common line, can be used. Conventional tele-
phone push button keyboards as shown in Figure 1 or
X-Y keyboards with common can also be used. The
common line of these keyboards can be left uncon-
nected or wired “high”.

Logic Interface

The S2559 can also interface with CMOS logic outputs
directly. The 2559 requires active “High” logic levels.
Since the active pull-up resistors present in the S2559
are fairly low value (500Q typ), diodes can be used as
shown in Figure 3 to eliminate excessive sink current
flowing into the logic outputs in their “Low” state.

SPST MATRIX KEYSORTED:

o -

7
oo

c1

,@

Figure 2. SPST Matrix Keyboard Arranged in the 2 of 8 Row, Column Format

R1

jojfo}

(oo}

oSy

R4

daddd

c3 C4 (OPTIONAL COLUMN)

Tone Generation

When a valid key closure is detected, the keyboard
logic programs the high and low group dividers with
appropriate divider ratios so that the output of these
dividers cycle at 16 times the desired high group and
low group frequencies. The outputs of the program-
mable dividers drive two 8-stage Johnson counters.
The symmetry of the clock input to the two divide by 16
Johnson counters allows 32 equal time segments to be
generated within each output cycle. The 32 segments
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are used to digitally synthesize a stair-step waveform to
approximate the sinewave function (see Figure 3). This
is done by connecting a weighted resistor fadder net-
work between the outputs of the Johnson counter, Vpp
and Vger. VRer closely tracks Vpp over the operating
voltage and temperature range and therefore the peak-
to-peak amplitude Vp (Vpp — VRrek) of the stairstep func-
tion is fairly constant. Vgeg is so chosen that Vp falls
within the allowed range of the high group and low
group tones.



S2559A/BIEIF

Figure 3. Logic Interface for Keyboard Inputs of the $2559
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Figure 4. Stairstep Waveform of the Digitally Synthesized Sinewave
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Theindividual tones generated by the sinewave synthe-
sizer are then linearly added and drive a bipolar NPN
transistor connected as emitter follower to allow pro-
perimpedance transformation, at the same time preser-
ving signal level.

Dual Tone Mode

When one row and one column is selected dual tone
output consisting of an appropriate low group and high
group tone is generated. If two digit keys, that are not
either in the same row or in the same column, are de-
pressed, the dual tone mode is disabled and no output
is provided.

Single Tone Mode

Single tones either in the low group or the high group
can be generated as follows. A low group tone can be
generated by activating the appropriate row input or by
depressing two digit keys in the appropriate row. A high
group tone can be generated by depressing two digit
keys in the appropriate column, i.e., selecting the
appropriate column input and two row inputs in that
column.

Mode Select

S2559A and S2559C have a Mode Select (MDSL) input
(Pin 15). When MDSL is left floating (unconnected) or
connected to Vpp, both the dual tone and single tone
modes are available. If MDSL is connected to Vgg, the
single tone mode is disabled and no output tone is pro-
duced if an attempt for single tone is made. The S2559B
and $2559D do not have the Mode Select option.

Chip Disable

The S2559B and S2559F have a Chip Disable input at
Pin 15 instead of the Mode Select input. The chip
disable for the S2559B and S2559F is active “high.”
When the chip disable is active, the tone output goes to
Vss, the row, column inputs go into a high impedance
state, the oscillator is inhibited and the MUTE and XMIT
outputs go into active states. The effect is the device
essentially disconnects from the keyboard. This allows
one keyboard to be shared among several devices.

Crystal Specification

A standard television color burst crystal is specified to
have much tighter tolerance than necessary for tone
generation application. By relaxing the tolerance speci-
fication the cost of the crystal can be reduced. The
recommended crystal specification is as follows:
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Frequency: 3.579545MHz + 0.02%
Rg<100Q, Ly = 96MHY
Cy = 0.02pF, Ch = 5pF

MUTE, XMIT Outputs

The S2559A, B, E, F have a CMOS buffer for the MUTE
output and a bipolar NPN transistor for the XMIT out-
put. With no keys depressed, the MUTE output is “‘low”
and the XMIT output is in the active state so that sub-
stantial current can be sourced to aload. When akey is
depressed, the MUTE output goes high, while the XMIT
output goes into a high impedance state. When Chip
Disable is “high” the MUTE output is forced “low” and
the XMIT output is in active state regardless of the state
of the keyboard inputs.

Amplitude/Distortion Measurements

Amplitude and distortion are two important parameters
in all applications of the Digital Tone Generator. Ampli-
tude depends upon the operating supply voltage as
well as the load resistance connected on the Tone Out-
put pin. The on-chip reference circuit is fully operation-
al when the supply voltage equals or exceeds 5 volts
and as a consequence the tone amplitude is regulated
in the supply voltage range above 5 volts. The load
resistor value also controls the amplitude. If R is low
the reflected impedance into the base of the output
transistor is low and the tone output amplitude is lower.
For R(_ greater than 5k< the reflected impedance is suf-
ficiently large and highest amplitude is produced. Indi-
vidual tone amplitudes can be measured by applying
the dual tone signal to a wave analyzer (H-P type 3581A)
and amplitudes at the selected frequencies can be
noted. This measurement also permits verification of
the preemphasis between the individual frequency
tones.

Distortion is defined as “the ratio of the total power of
all extraneous frequencies in the voiceband above
500Hz accompanying the signal to the power of the fre-
quency pair.” This ratio must be less than 10% or when
expressed in dB must be lower than — 20dB.

(Ref. 1.) Voiceband is conventionally the frequency
band of 300Hz to 3400Hz. Mathematically distortion
can be expressed as:

Vo2 (V)2 + .+ (V)2

Dist. =

Vo (v)2 4+ ()2

where (V4) .. (V\) are extraneous frequency (i.e., inter-
modulation and harmonic¢) components in the 500Hz to
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3400Hz band and V|_and V}, are the individual frequency
components of the DTMF signal. The expression can
be expressed in dB as:

V()2 + (Vo) 2+ . . (V)2
Vo (VD)2 + (V)2

=10{log[(V)2+..(W)2] = log[ (V)2 + (V)2 + (W)2]} ... (1)

An accurate way of measuring distortion is to plot a
spectrum of the signal by using a spectrum analyzer
(H-P type 3580A) and an X-Y plotter (H-P type 7046A). In-
dividual extraneous and signal frequency components
are then noted and distortion is calculated by using the
expression-(1) above. Figure 6 shows a spectrum plot of
a typical signal obtained from a $2559 device operating
from a fixed supply of 4Vdc and R = 10kQ in the test
circuit of Figure 5. Mathematical analysis of the spec-
trum shows distortion to be — 30dB (3.2%). For quick
estimate of distortion, a rule of thumb as outlined
below can be used.

DlSTdB =20 |OQ

“As a first approximation distortion in dB equals the dif-
ference between the amplitude (dB) of the extraneous
component that has the highest amplitude and the
amplitude (dB) of the low frequency signal.” This rule of
thumb would give an estimate of —28dB as distortion
for the spectrum plot of Figure 6 which is close to the
computed result of — 30dB.

In a telephone application amplitude and distortion are
affected by several factors that are interdependent. For
detailed discussion of the telephone application and
other applications of the 2559 Tone Generator, refer to
the applications note “Applications of Digital Tone
Generator.”

Ref. 1: Bell System Communications Technical Refer-
ence, PUB 47001, “Electrical Characteristics of Bell
System Network Facilities at the Interface with Voice-
band Ancillary and Data Equipment,” August 1976.

Figure 5. Test Circuit for Distortion Measurement
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Figure 6. A Typical Spectrum Plot.
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Advanced Product Description S$2579

DTMF Tone Generator
With Binary Input

Features General Description
O Low Voltage CMOS Process The 82579 DTMF Generator is specifically designed to
O Uses Binary Input or Standard 3 x 4 X-Y Keyboard interface with External Logic or microprocessors. The

S§2579 can interface directly to a standard 3 x 4 key-
board with common terminal. Capable of generating 16
dual tone standard frequencies, it can operate from 3.0

With Common Terminal
O Uses Standard TV Crystal (3.58MHz)

U On-Chip Reference Voltage to 10 volts. The electrical specifications for both $2579
[0 The Total Harmonic Distortion is Below Industry and S2859 devices are identifical; please refer to S2859
Specification data sheet for detaits.
Block Diagram Pin Configuration
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Table 1. Functional Truth Table for Logic Interface

Keyboard Binary Inputs Frequencies Generated
Inputs c1 c2 R1 R2 R3 R4 F1 Fh

1 * * 0 0 0 1 697 1203
2 * * 0 0 1 0 697 1336
3 * * 0 0 1 1 697 1477
4 * * 0 1 0 0 770 1209
5 * * 0 1 0 1 770 1336
6 * * 0 1 1 0 770 1477
7 * * 0 1 1 1 852 1209
8 * * 1 0 0 0 852 1336
9 * * 1 0 0 1 852 1477
0 * * 1 0 1 0 941 1336
* * * 1 0 1 1 941 1209
# * * 1 1 0 0 941 1477
A * * 1 1 0 1 697 1633
B * * 1 1 1 0 770 1633
C * * 1 1 1 1 852 1633
D A 0 0 0 0 941 1633

0 * VALID DATA Fh

* 0 VALID DATA F1

* Indicates Normally Open.
Figure 1.
KEY/BINARY
— §¢—1nnn:
BINARY DATA ' X
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$2859

DTMF TONE GENERATOR

Features O Interfaces Directly to a Sfandard Telephone Push-
[0 Wide Operating Supply Voltage Range: Button or Calculator Type X-Y Keyboard with Com-
3.0 to 10 Volts mon Terminal g 2
O Low Power CMOS Circuitry Allows Device Power to O The Total Harmonic Distortion is Below Industry 2 = S
be Derived Directly from the Telephone Lines or Specification §g§
from Small Batteries, e.g., 9V OO0 On Chip Generation of a Reference Voltage to S a
O Uses TV Crystal Standard (3.58 MHz) to Derive All Assure Amplitude Stability of the Dual Tones Over
Frequencies thus Providing Very High Accuracy the Operating Voltage and Temperature Range
and Stability O Single Tone as Well as Dual Tone Capability
O Timing Sequence for XMIT, REC MUTE Outputs O Darlington Configuration Tone Output

Block Diagram
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General Description

The S2859 DTMF Generator is specifically designed to
implement a dual tone telephone dialing system. The
device can interface directly to a standard pushbutton
telephone keyboard or X-Y keyboard with common ter-
minal connected to Vgg and operates directly from the
telephone lines. All necessary dual-tone frequencies
are derived from the widely used TV crystal standard
providing very high accuracy and stability. The required
sinusoidal waveform for the individual tones is digitally
synthesized on the chip. The waveform so generated
has very low total harmonic distortion. A voltage refer-

Absolute Maximum Ratings:

ence is generated on the chip which is stable over the
operating voltage and temperature range and regulates
the signal levels of the dual tones to meet the recom-
mended telephone industry specifications. These
features permit the S2859 to be incorporated with a
slight modification of the standard 500 type telephone
basic circuitry to form a pushbutton dual-tone tele-
phone. Other applications of the device include radio
and mobile telephones, remote control, point-of-sale,
and credit card verification terminals and process con-
trol.

DC Supply Voltage (Vpp — Vss)

+10.5v

0°Cto +70°C

Operating Temperature

Storage TEMPErature ... —-55°Cto +125°C
Power DiSSIPAtiON L 25°C ......cceieericsiieninisessernesn et sses e e sas e et sssns s esssas sussbest s e seassaareessensssassnssees . 500mwW
INPUEVOIAGE ..viiciiiiici s e s b e s s s snr s bn Vgs = 0.6&ViN&Vpp + 0.6
Input/Output Current (except tone output) ......... 15mA
Tone Output Current ........ 50mA

Electrical Characteristics:

(Specifications apply over the operating temperature range of —0°C to + 70°C unless otherwise noted. Absolute

values of measured parameters are specified.)

Symbol |  Parameter/Conditions (V%I‘tlsSS) Min. Typ. Max. Units
Supply Voltage
Vi Tone Out Mode (Valid Key Depressed) 3.0 — 10.0 \i
0D Non Tone Out Mode (Mute Outputs Toggle With 2.2 - 10.0 v
Key Depressed)
Vz Internal Zener Diode Voltage, Iz = 5SmA — — 12.0 — v
Supply Current
Standby (No Key Selected, 3.0 — 0.001 0.3 mA
| Tone and Mute Outputs Unloaded) 10.0 — 0.003 1.0 mA
0D Operating (One Key Selected, 3.0 — 1.3 2.0 mA
Tone and Mute Outputs Unloaded) 10.0 — 11 18 mA
Tone Output
Vor Single Tone Row R =100Q 5.0 366 462 581 mvrms
Mode Output
Voltage Tone R =100Q 10.0 370 482 661 mvrms
dBcR Ratio of Column to Row Tone 3.0-10.0 1.0 2.0 3.0 dB
%DIS Distortion* 3.0—-10.0 — — 10 %
REC, XMIT MUTE Outputs
loH Output Source Current Vog=1.2V 2.2 0.43 1.1 — mA
Vo = 2.5V 3.0 1.3 3.1 — mA
Voy = 9.5V 10.0 4.3 11 — mA

*Distortion measured in accordance with the specifications described in Ref. 1 as the *‘ratio of the total power of all extraneous frequencies in the voiceband above 500Hz

accompanying the signal to the total power of the frequency pair’’
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S2560A

Features

O Low Voltage CMOS Process for Direct Operation
from Telephone Lines

O Inexpensive R-C Oscillator Design Provides Better
than + 5% Accuracy Over Temperature and Unit to
Unit Variations

O Dialing Rate Can be Varied by Changing the Dial
Rate Oscillator Frequency

O Dial Rate Select Input Allows Changing of the Dial-
ing Rate by a 2:1 Factor Without Changing Oscil-
lator Components

0O Two Selections of Mark/Space Ratios (3313/662/ or
40/60)

[0 Twenty Digit Memory for Input Buffering and for Re-
dial with Access Pause Capability

@ Mute and Dial Pulse Drivers on Chip

PULSE DIALER

O Accepts DPCT Keypad with Common Arranged in a
2 of 7 Format; Also Capable of Interface to SPST
Switch Matrix

General Description

The S2560A Pulse Dialer is a CMOS integrated circuit
that converts pushbutton inputs to a series of pulses
suitable for telephone dialing. It is intended as a
replacement for the mechanical telephone dial and can
operate directly from the telephone lines with
minimum interface. Storage is provided for 20 digits,
therefore, the last dialed number is available for redial
until a new number is entered. IDP is scaled to the dial-
ing rate such as to produce smaller IDP at higher dial-
ing rates. Additionally, the IDP can be changed by a 2:1
factor at a given dialing rate by means of the IDP select
input.

Block Diagram
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Pin Configuration
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R[] 3 18] C
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Absolute Maximum Ratings:

Supply Voltage ....
Operating Temperature Range

Storage Temperature Range

....... + 5.5V
...... w.. 0°Cto +70°C

. —65°Cto +150°C

Voltage atany Pin .......c.ccoovennn.

Lead Temperature (Soldering, 10sec)

. Vgg —0.3VtoVpp + 0.3V
300°C

Electrical Characteristics:

Specifications apply over the operating temperature and 1.5V<Vpp

— Vgg <3.5V unless otherwise specified.

VooV, :
Symbol Parameter 0" 758 Min. Max. Units Conditions
(Voits)
Output Current Levels
DP Output Low
. A = 0.
loLop Current (Sink) 3.5 125 W Vout = 0.4V
| DP Output High 1.5 20 7 Vour = 1V
OHDP Current (Source) 3.5 125 iy Vout = 2.5V
| MUTE Qutput Low 3.5 125 uA Vout = 0.4V
OLM Current (Sink)
| MUTE Output High 1.5 20 A Vou = 1V
OHM Current (Source) 3.5 125 uA VouT = 2.5V
Tone Output Low
. Vout = 0.
lour Current (Sink) 15 2 uh oyt = 0.4V
Tone Output High
| 1.5 2 A Vout = 1V
OHT Current (Source) 0 K out
VoR Data Retention Voitage 1.0 v “'0n Hook’* HS = Vpp. Keyboard open, all
Ip Quiescent Current 1.0 750 nA other input pins to Vpp or Vgg
Iop Operating Current 1.5 100 uA P, MUTE open, HS = Vgg (**Off Hook™")
3.5 500 uh Keyboard processing and dial pulsing at 10
pps at conditions as above
fo Oscillator Frequency 1.5 10 kHz
Afo/to Frequency Deviation 151025 -3 +3 % Fixed R-C oscillator components .
50KQ<Rp<750KRQ; 100pF<Cp <1000pF;
251035 -3 +3 % ZSOKQ <Rg <5MQ
300pF most desirable value for Cp
Input Voltage Levels
Vig Logical **1” 80% of Vop \
(Vop—Vgs) +0.3
ViL Logical *“0"" VSS 20% of \
-0.3 (Voo ~ Vss)
Ciy Input Capacitance Any Pin 7.5 pF

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off before the power supply is turned off (Vgg <
Vi < Vpp as a maximum limit). This rule will prevent over-dissipation and possible damage of the input-protection diode when the device power supply is grounded. When
power is first applied to the device, the device should be in **On Hook’* condition (HS = 1). This is necessary because there is no internal power or reset on chip and for pro-
per operation all internal latches must come up in a known state. in applications where the device is hard wired in **0ff Hook’" (HS = 0) condition, a momentary ‘*On Hook'"
condition can be presented to the device during power up by use of a capacitor resistor network as shown in Figure 6.
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Functional Description
The pin function designations are outlined in Table 1.

Oscillator

The device contains an oscillator circuit that requires
three external components: two resistors (Rp and Rg)
and one capacitor (Cp). All internal timing is derived
from this master time base. To eliminate clock interfer-
ence in the talk state, the oscillator is only enabled dur-
ing key closures and during the dialing state. It is
disabled at all other times including the “on hook” con-
dition. For a dialing rate of 10pps the oscillator should
be adjusted to 2400Hz. Typical values of external com-
ponents for this are Rp and Rg=750kQ and
Cp = 270pF. It is recommended that the tolerance of
resistors to be 5% and capacitor to be 1% to insure a
10% tolerance of the dialing rate in the system.

Keyboard Interface (S256GA)

The S2560A employs a scanning technique to determine
a key closure. This permits interface to a DPCT keyboard
with common connected to Vpp (Figure 1), logic inter-
face (Figure 2) and interface to a SPST switch matrix
(Figure 7). A high level on the appropriate row and col-
umn inputs constitutes a key closure for logic interface.
When using a SPST switch matrix, it is necessary to add
small capacitors (30pF) from the column inputs to Vgg to
insure that the oscillator is shut off after a key is released
or after the dialing is complete.

OFF Hook Operation: The device is continuously powered
through a 150k resistor during Off hook operation. The
DP output is normally high and sources base drive to
transistor Q¢ to turn ON transistor Q,. Transistor Q,
replaces the mechanical dial contact used in the rotary
dial phones. Dial pulsing begins when the user enters a
number through the keyboard. The DP output goes low
shutting the base drive to Q; OFF causing Q, to open
during the pulse break. The MUTE output also goes low
during dial pulsing allowing muting of the receiver
through transistors Q3 and Q4. The relationship of dial
pulse and mute outputs are shown in Figure 3.

ON Hook Operation: The device is continuously powered
through a 10-20MQ resistor during the ON hook opera-
tion. This resistor allows enough current from the tip and
ring lines to the device to allow the internal memory to
hold and thereby providing storage of the last number
dialed.

The dialing rate is derived by dividing down the dial rate
oscillator frequency. Table 2 shows the relationship of
the dialing rate with the oscillator frequency and the dial
rate select input. Different dialing rates can be derived
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by simply changing the external resistor value. The dial
rate select input allows changing of the dialing rate by a
factor of 2 without the necessity of changing the exter-
nal component values. Thus, with the oscillator adjusted
to 2400Hz, dialing rates of 10 or 20pps can be achieved.
Dialing rates of 7 and 14pps similarly can be achieved by
changing the oscillator frequency to 1680Hz.

The Inter-Digit Pause (IDP) time is also derived from the
oscillator frequency and can be changed by a factor of 2
by the IDP select input. With IDP select pin wired to Vgg,
an IDP of 800ms is obtained for dial rates of 10 and
20pps. IDP can be reduced to 400ms by wiring the IDP
select pin to Vpp. At dialing rates of 7 and 14pps, IDP’s of
1143ms and 572ms can be similarly obtained. If the IDP
select is connected to the dial rate select pin, the IDP is
scaled to the dial rate such that at 10pps an IDP of 800ms
is obtained and at 20pps an IDP of 400ms is obtained.

The user can enter a number up to 20 digits long from a
standard 3x4 double contact keypad with common
(Figure 1). It is also possible to use a logic interface as
shown in Figure 2 for number entry. Antibounce protec-
tion circuitry is provided on chip (min. 20ms) to prevent
false entry.

Any key depressions during the on-hook condition are
ignored and the oscillator is inhibited. This insures that
the current drain in the on-hook condition is very low and
used to retain the memory.

Normal Dialing

The user enters the desired numbers through the key-
board after going off hook. Dial pulsing starts as soon as
the first digit is entered. The entered digits are stored se-
quentially in the internal memory. Since the device is
designed in a FIFO arrangement, digits can be entered at
arate considerably faster than the output rate. Digits can
be entered approximately once every 50ms while the
dialing rate may vary from 7 to 20pps. The number
entered is retained in the memory for future redial.
Pauses may be entered when required in the dial se-
quence by pressing the “#” key, which provides access
pauses for future redial. Any number of access pauses
may be entered as long as the total entries do not exceed
twenty.

Auto Dialing

The last number dialed is retained in the memory and
therefore can be redialed out by going off hook and
pressing the “#” key. Dial pulsing will start when the
key is depressed and finish after the entire number is
dialed out unless an access pause is detected. In such
a case, the dial pulsing will stop and will resume again
only after the user pushes the “#” key.
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Table 1. $2560A/S2560B Pin/Function Descriptions

Pin Number Function
Keyboard 2,3, 4, Theseare 4 row and 3 column inputs from the keyboard contacts. These inputs are
(R1, Ra, R3, Ry, Cq, Gy, C3) 1,16,  open when the keyboard is inactive. When a key is pushed, an appropriate row and
17,18 column input must go to Vpp or connect with each other. A logic interface is also pos-

sible as shown in Figure 2. Active pull up and pull down networks are present on these
inputs when the device begins keyboard scan. The keyboard scan begins when a key
is pressed and starts the oscillator. Debouncing is provided to avoid false entry (typ.
20ms).

Inter-Digit Pause Select (IDP) 15 One programmable line is available that allows selection of the pause duration that ex-
ists between dialed digits. It is programmed according to the truth table shown in
Table 3. Note that preceding the first dialed pulse is an inter-digit time equal to the
selected IDP. Two pauses either 400ms or 800ms are available for dialing rates of 10
and 20 pps. IDP’s corresponding to other dialing rates can be determined from Tables
2 and 3.

Dial Rate Select (DRS) 14 A programmable line allows selection of two different output rates such as 7 or 14 pps,
10 or 20 pps, etc. See Tables 2 and 3.

Mark/Space (M/S) 12 This input allows selection of the mark/space ratio, as per Table 3.

Mute Out (MUTE) 11 A pulse is available that can provide a drive to turn on an external transistor to mute

i the receiver during the dial pulsing.

Dial Pulse Out (DP) 9 Output drive is provided to turn on a transistor at the dial pulse rate. The normal output
will be “‘low’” during ‘‘space’’ and ‘‘high’’ otherwise.

Dial Rate Oscillator 6,7, 8 These pins are provided to connect external resistors Rp, Rg and capacitor Cp to form

(Re, Cp, Rp) an R-C oscillator that generates the time base for the Key Pulser. The output dialing
rate and IDP are derived from this time base.

Hook Switch (HS) 5 This input detects the state of the hook switch contact; “‘off hook'’ corresponds to Vgg
condition.

Power (Vpp, Vss) 13,10  These are the power supply inputs. The device is designed to operate from

1.6V-3.5V.

Figure 1. Standard Telephone Pushbutton Keyboard
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Table 2. Table for Selecting Oscillator Component Values for Desired Dialing Rates and Inter-Digit Pauses
Dial Rate Osc. Freg. Rp Re Cp Dial Rate (pps) IDP (ms)
Desired (Ha) k) Q) R TDRS=Vss _ DRS=Vpy _ PS=Vs _ IPS=Vp
5.5/11 1320 5.5 11 1454 727
6/12 1440 6 12 1334 667
6.5/13 1560 6.5 13 1230 615
7/14 1680 Select components in the 7 , 14 1142 571
7.5/15 1800 ranges indicated in table 7.5 15 1066 533
8/16 1920 of electrical specifications 8 16 1000 500
8.5/17 2040 8.5 17 942 471
9/18 2160 9 18 888 444
9.5/19 2280 9.5 19 842 421
10/20 2400 750 750 270 10 20 800 400
(f4/240)/ fd (fg/240) (fg/120) 1920 960
(f4/120) 7o X0 X108

NOTE: DP is dependent on the dialing rate selected. For example, for a dialing rate of 10pps, an IDP of either 800ms or 400ms can be selected. For a dialing rate of 14pps,
and IDP of either 1142ms or 571ms can be selected.

Table 3.
Function Pin Designation Input Logic Level Selection
Dial Pulse Rate Selection DRS (14) sﬁg gﬁgg;gg:
Inter-Digit Pause Selection IDP (15) Voo %fo— s
Vss ‘ 1—9‘?-9 S
‘Mark/Space Ratio M/S (12) ¥§§ 3 Boih
On Hook/0ff Hook HS (5) W Oft ook

NOTE: 1 is the oscillator frequency and is detemined as shown in Figure 5.
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Figure 4. Pulse Dialer Circuit with Redial
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Figure 5. Pulse Dialer Circuit with Redial (Single Hook Switch Contact Application for PABX)
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Figure 6. Circuit for Applying Momentary ‘‘ON Hook’’ Figure 7. SPST Switch Matrix Interface
Condition During Power Up
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PULSE DIALER

General Description

The S2560G is a modified version of the S2560A Puise Dialer with complete pin/function compatibility. It is recom-
mended to be used in all new and existing designs. Most electrical specifications for both devices are identical.
Please refer to S2560A data sheet for details. S2560G1 is low voltage version of S2560G.

Differences between the two devices are summarized below:

25606 256061 2560A

Operating Voltage, Dialing: 2.0V to 3.5V 1.5V 10 3.5V 1.5V to 3.5V
Operating Voltage, Voice Mode: 1.5V t0 3.5V 1.5V 10 3.5V 1.5V t0 3.5V
Data Retention Voltage (Minimum): 1.0V 1.0v 1.0V

. . 200uA@2.0V 100uA@1.5V 100uA@1.5V
Ioo Operating Current: 1000A@3.5V  500uA@3.5V 5004A@3.5V
Ipp Standby Current: uh@ 1V 750uh @1V 750nA@1V
Keyboard Debounce Time: 10msec 16msec
X-Y Keyboard Interface: Does not need capacitors Capacitors required between column inputs

and VSS
Redial Buffer: 22 digits 20 digits
Dialing Characteristics: Can dial more than 22 digits. Redial Accepts.a maximum of 20 digits. Will not dial
disabled if more than 22 digits are entered.  additional digits.

Inter-digit pause timing Follows dial pulses. Precedes dial pulses

Application Suggestions

1) In most existing designs, the $2560G will work in place of S2560A without any modifications. Problems may
arise however, if the keyboard bounce time exceeds 10ms. In such a case, the device may interpret a single key
entry as a double key. To avoid this false detection, the keyboard debounce time can be easily increased from
10ms to 20ms by changing the Oscillator Frequency from 2400Hz down to 1200Hz. This is done by changing the
value of the capacitor connected to pin 7 from 270pF to 470pF. To preserve the dialing rate at 10pps and IDP at
800ms the DRS and IDP pins now must be connected to Vpp instead of Vgg. Figure 1 shows the implementation
details. Note, that interfacing with X-Y keyboard no longer requires capacitors to Vgg from column pins.

2) The hookswitch input pin (pin 5) must be protected from spikes that can occur when the phone goes from off-
hook condition to on-hook. Voltage exceeding Vpp on this pin can cause the device to draw excessive current.
This will discharge the capacitor across Vpp and Vgg causing the supply voltage to drop. If the voltage drops
below 1 volt (data retention voltage) the device could lose redial memory. To prevent the voltage on the
hookswitch pin from exceeding Vpp, an external diode must be added on the hookswitch pinas shownin Figure 1.
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Figure 1. Transient Protection Technique Using Diode Between Vpp and HS
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Advanced Product Description

$2561/S2561A/S2561C

Features

O

O
|
O

CMOS Process for Low Power Operation
Operates Directly from Telephone Lines with
Simple Interface

Also Capable of Logic Interface for Non-Telephone
Applications

Provides a Tone Signal that Shifts Between Two
Predetermined Frequencies at Approximately 16Hz
to Closely Simulate the Effects of the Telephone
Bell

Push-Pull Output Stage Allows Direct Drive, Elimi-
nating Capacitive Coupling and Provides Increased
Power Output

50mW Output Drive Capability at 10V

Operating Voltage

TONE RINGER

[0 AutoMode Allows Amplitude Sequencing such that
the Tone Amplitude Increases in Each of the First
Three Rings and Thereafter Continues at the Maxi-
mum Level

O Single Frequency Tone Capability

General Description

The $2561 Tone Ringer is a CMOS integrated circuit
that is intended as a replacement for the mechanical
telephone bell. It can be powered directly from the
telephone lines with minimum interface and can drive a
speaker to produce sound effects closely simulating
the telephone bell.

Data Subject to change at any time without notice. These sheets
transmitted for information only.

Block Diagram
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Absolute Maximum Ratings:

Supply Voltage ................ s ean . +120V*
Operating Temperature Range ....... . .. 0°Cto +70°C
Storage Temperature Range oo et ene . e —40°C to +125°C
Voltage at any Pin T R T Vgs — 0.3V to Vpp + 0.3V
Lead Temperature (Soldering, 10sec) ......... ettt e e e et e e e s e e e ae e e et s 300°C

*This device incorporates a 12V internal zener diode across the VDD to VsS pins. Do NOT connect a low impedance power supply directly
across the device unless the supply voltage can be maintained below 12V or current limited to <25maA.

- o
Electrical Characteristics: é § S
Specifications apply over the operating temperature and 3.5V<Vpp to Vgg <12.0V unless otherwise specified. ggg
Symbol Parameter Min. Max. Units | Conditions
Vps Operating Voltage (Vpp to Vgg) 8.0 12.0 v Ringing, THC pin open
Vps Operating Voltage 4.0 v “'Auto’’ mode, non-ringing
Ips Operating Current 500 A Non-ringing, Vpp= 10V, THC pin open, DI pin open or Vgg

Qutput Drive
lowe Output Source Current 5 mA Vpp =10V, Voyr=8.75V
(OUTy, OUTg outputs)

Output Sink Current

loLe (OUTy, OUT outputs) 5 mA | Vpp=10V, Vgyr=0.75V
lonm Output Source Current (Outy output) 2 mA | Vpp=10V, Voyr=8.75V
loLm Output Sink Current (QUTpy cutput) 2 mA | Vpp=10V, Vgyr=0.75V
loHL Output Source Current (OUT| output) 1 ' mA | Vpp=10V, Vgyr=8.75V
loLL Output Sink Current (OUT|_ output) 1 mA Vpp =10V, Vgyr=0.75V
CMOS to CMOS
Viy Input Logic ‘*1"" Level 0.7Vpp | Vop+0.3 \ All inputs
Vi input Logic ‘0" Level Vss—0.3[ 0.3 Vpp v | Allinputs
VoHR Output Logic 1" Level (Rate output} 0.9 Vpp v lp=10uA (Source}
VoLr Output Logic ‘0"’ Level (Rate output) 0.5 v 1g=10uA (Sink)
Output Leakage Current 1 uA Vpp =10V, Vour=0V
Voz (OUTy, OUT)y outputs in high 1 WA Vpp =10V, Vou7r =10V
impedance state)
Cin Input Capacitance 7.5 pF Any pin
Afo/fo Oscillator Frequency Deviation -5 +5 % Fixed RC component values 1M <Ry, Ryj<5MQ;

100kQ< Rryy, Rim < 750kQ; 150pF< Crg, Cto< 3000pF; 330pF
recommended value of Crg and Cyg, supply voltage varied from
9V + 2V (over temperature and unit-unit variations)

Output Load Impedance Connected Across

A 600 o Tone Frequency Range = 300Hz to 3400Hz
LOAD | QT and OUT :

s 1L Leakage Current, Viy = Vpp or Vgg 100 nA Any input, except DI pin Vpp =10V

VTy POE Threshold Voltage 6.5 8 v

\ Internal Zener Voltage 1 13 \ Iz =5mA

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off
before the power supply is turned off (Vgg <V, <Vpp as a maximum limit). This rule will prevent over-dissipation and possible damage of
the input-protection diode when the device power supply is grounded.
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Functional Description

The S$2561 is a CMOS device capable of simulating the
effects of the telephone bell. This is achieved by pro-
ducing a tone that shifts between two predetermined
frequencies (512 and 640Hz) with a frequency ratio of
5:4 at a 16Hz rate.

Tone Generation: The output tone is derived from a tone
oscillator that uses a 3 pin R-C oscillator design consis-
ting of one capacitor and two resistors. The oscillator
frequency is divided alternately by 4 or 5 at the shift
rate. Thus, with the oscillator adjusted for 5120Hz, a
tone signal is produced that alternates between 512Hz
and 640Hz at the shift rate. The shift rate is derived from
another 3 pin R-C oscillator which is adjusted fora nom-
inal frequency of 5120Hz. It is divided down to 16Hz
which is used to produce the shift in the tone fre-
quency. It should be noted that in the special case
where both oscillators are adjusted for 5120Hz, it is
only necessary to have one external R-C network for
one oscillator with the other oscillator driven from it.
The oscillators are designed such that for fixed R-C
component values an accuracy of +5% can be obtain-
ed over the operating supply voltage, temperature and
unit-unit variations. See Table 1 for component and fre-
quency selections. In the single frequency mode, acti-
vated by connecting the SFS input to Vgg only the
higher frequency continuous tone is produced by using
a fixed divider ratio of 4 and by disabling the shift
operation.

Ring Signal Detection: In the following description it is
assumed that both the tone and rate oscillators are ad-
justed for a frequency of 5120Hz. Ringing signal (nomi-
nally 42 to 105 VAC, 20Hz, 2 sec on/4 sec off duty cycle)
applied by the central office between the telephone line
pair is capacitively coupled to the tone ringer circuitry
as shown in Figure 2. Power for the device is derived
from the ringing signal itself by rectification (diodes D1
thru D4) and zener diode clamping (Z). The signal is
also applied to the EN input after limiting and clamping
by a resistor (Ry) and internal diodes to Vpp and Vgg
supplies. Internally the signal is first squared up and
then processed thru a 2ms filter followed by a dial pulse
reject filter. The 2ns filter is a two-stage register clock-
ed by a 512Hz signal derived from the rate oscillator by
a divide by 10 circuit. The squared ring signal (typically
a square wave) is applied to the D input of the first stage
and also to reset inputs of both stages. This provides
for rejection of spurious noise spikes. Signals exceed-
ing a duration of 2ms only can pass through the filter.

4.36

The dial pulse reject filter is clocked at 8Hz derived
from the rate oscillator by divide by 640 circuit. This cir-
cuit is designed to pass any signal that has at least two
transitions in a given 125ms time period. This insures
that signals below 8Hz will be rejected with certainty.
Signals over 16Hz will be passed with certainty and be-
tween 8Hz and 16Hz there is a region of uncertainty. By
adjusting the rate oscillator to a different frequency the
break points of 10Hz and 20Hz the rate oscillator can be
adjusted to 6400Hz. Of course this also increases the
tone shift rate to 20Hz. The action of the dial pulse re-
ject filter minimizes the dial pulse interference during
dialing although it does not completely eliminate it due
to the rather large region of uncertainty associated with
this type of discrimination circuitry. The dial pulse filter
also has the characteristic that an input signal is not
detected unless its duration exceeds 125ms. This in-
sures that the tone ringer will not respond to momen-
tary bursts of ringing less than 125 milliseconds in dur-
ation (Ref. 1).

In logic interface applications, the 2ms filter and the
dial pulse reject filter can be inhibited by wiring the Det.
INHIBIT pin to Vpp. This allows the tone ringer to be
enabled by a logic ‘1’ level applied at the “ENABLE” in-
put without the necessity of a 20Hz ring signal.

Voltage Sensing: The S2561 contains a voltage sensing
circuit that enables the output stage and the rate and
tone oscillators, only when the supply voltage exceeds
apredetermined value. Typical value of this threshold is
7.3 volts. This prduces two benefits. First, it insures
that the audible intensity of the output tone is fairly
constant throughout the ringing period; and secondly,
it insures proper circuit operation during the *“auto”
mode operation by reducing the power consumption to
a minimum when the supply voltage drops below 7.3
volts. This extends the supply voltage decay time
beyond 4 seconds (off period of the ring signal) with an
adequate filter capacitor and insures the proper func-
tioning of the “amplitude sequencing” counter. It is
important to note that the operating supply voltage
should be well above the threshold value during the
ringing period and that the filter capacitor should be
large enough so that the ripple on the supply voitage
does not fall below the threshold value. A supply
voltage of 10 to 12 volts is recommended.

In applications where the tone ringer is continuously
powered and below the threshold level, the internal
threshold can be bypassed by connecting the THC pin
to Vpp. The internal threshold can also be reduced by
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connecting an external zener diode between the THC
and Vpp pins.

Auto Mode: In the “auto” mode, activated by wiring the
“auto/manual” input to Vgg, an amplitude sequencing
of the output tone can be achieved. Resistors R and
Rwm are inserted in series with the Out_ and Outy out-
puts, respectively, and paralleled with the Outy output
(Figure 1). Load is connected across Outy and Outg
pins. R is chosen to be higher than Ry. In this manner
the first ring is of the lowest amplitude, second ring is
of medium amplitude and the third and consecutive

rings thereafter are at maximum amplitude. For the pro-
per functioning of the “ampiitude sequencing” counter
the device must have at least 4.0 volts across it
throughout the ring sequence. The filter capacitor is so
chosen that the supply voltage will not drop below 4.0
volts during the off period. At the end of a ring se-
quence when the off period substantially exceeds the 4
second duration, the counter will be reset. This will in-
sure that the amplitude sequencing will start correctly
beginning a new ring sequence. The counter is held in
reset during the “manual” mode operation. This pro-
duces a maximum ring amplitude at all times.

Figure 1-A. Output Stage Connected for
Auto Mode Operation
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Output Stage: The output stage is of push-pull type con-
sisting of buffers L, M, H and C. The load is connected
across pins Outy and Outg (Figure 2). During ringing,
the Outy-and Outg outputs are out of phase with each
other and pulse at the tone rate. During a non-ringing
state, all outputs are forced to a known level such as
ground which insures that there is no DC component in
the load. Thus, direct coupling can be used for driving
the load. The major benefit of the push-pull arrange-
ment is increased power output. Four times as much
power can be delivered to the load for the same opera-
ting voltage. Buffers M and H are three-state. In the
*auto” mode buffer M is active only during the second

ring and in the “high impedance” state at all other
times. Buffer H is active beginning the third ring. In the
“manual” mode buffers H, L and C are active at all
times while buffer M is in a high impedance state. The
output buffers are so designed that they can source or
sink 5mA at a Vpp of 10 volts without appreciable
voltage drop. Care has been taken to make them sym-
metrical in both source and sink configurations. Diode
clamping is provided on all outputs to limit the voltage
spikes associated with transformer drive in both direc-
tions Vpp and Vss.

Normal protection circuits are present on all inputs.

Table 1. S$2561/S2561C Pin/Function Descriptions (S2561A)

Function

Pin Number
Power (VDD', Vss*) 18, 9
8,4
Ring Enable (EN*, EN)
10, 11,5
Auto/Manual (A/M) 8
Outputs (Out,, Outy, Out}:, Outg)
13, 14, 15,
7,6
Oscillators
Rate Ogcillator . 2,3, 4,
(OSCRj , 0SCRm OSCRg) 1,2,3
Tone Oscillator 56,7
(0SCT;j, 0SCTp, 0SCTg)
Threshold Control (THC) 17
Rate 1

These are the power supply pins. The device is designed to operate over
the range of 3.5 t0 12.0 volts. A range of 10 to 12 volts is recommended
for the telephone application.

These pins are for the 20Hz ring enable input. They can also be used for
DC level enabling by wiring the DI pin to Vpp. EN is available for the
$2561 only.

**Auto’’ mode for amplitude sequencing is implemented by wiring this
pin to Vgg. ‘*Manual’’ mode results when connected to Vpp. The
amplitude sequencing counter is held in reset during the ‘‘manual’’
mode.

These are the push-pull outputs. Load is directly connected across Outy
and Outg outputs. In the “‘auto’’ mode, resistors R_ and Ry can be in-
serted in series with the Out_ and Outy outputs for amplitude sequenc-
ing (see Figure 1).

These pins are provided to connect external resistors RRj, RRm and cap-
acitor CRg to form an R-C oscillator with a nominal frequency of 5120Hz.
See Table 2 for components selection.

These pins are provided to connect external resistors RTj, RTm and
capacitor CTg to form an R-C oscillator from which the tone signal is
derived. With the oscillator adjusted to 512Hz and 640Hz results. See
Table 2 for components selection.

The internal threshold voltage is brought out to this pin for modification
in non-telephone applications. It should be left open for telephone appli-
cations. For power supplies less than 9V connect to Vpp.

This is an optional output for the S2561C version which replaces the EN
output. This is a 16Hz output that can be used by external logic as
shown in Figure 3-A to produce a 2sec on/4sec off waveform.
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Table 1. (Continued)
Pin Number Function

Detector Inhibit (DI) 16 When this pin is connected to Vpp, the dial pulse reject filter is disabled
to allow DC level enabling of the tone ringer. This pin should be hard-
wired to Vg in normal telephone-type applications.

Single Frequency Select (SFS) 1 When this pin is connected to Vgg, only a single frequency continuous
tone is produced as long as the tone ringer is enabled. In normal appli-
cations this pin should be hardwired to Vpp.

*Pinouts of 8 pin S2561A package.

Table 2. Selection Chart for Oscillator Components and Output Frequencies

Tone/Rate Oscillator Oscillator Components
Frequency R Rm Co Rate Tone
(Hz) (k) (kR) (pF) (Hz) (Hz)
5120 1000 200 330 16 512/640
6400 20 640/800
3200 Select components in the ranges indicated in the 10 320/400
8000 table of electrical characteristics 25 800/1000
fo fo fo
fo — —_
320 10 8
Applications occur on the line during dial pulsing. The internal 2ms

Typical Telephone Application: Figure 2 shows the
schematic diagram of a typical telephone application
for the S2561 tone ringer. Circuit power is derived from
the telephone lines by the network formed by capacitor
C4, resistor Ry, diode bridge Dy through Dy, and filter
capacitor C,. C, is chosen to be large enough so as to
insure that the power supply ripple during ringing does
not fall below the internal threshold level (typ. 7.3 volts)
and to provide large enough decay time during the off
period. A typical value of C, may be .47uF. C{ and R are
chosen to satisfy the Ringer Equivalence Number
(REN) specification (Ref. 1). For REN =1 the resistor
should be a minimum of 8.2kQ. It must be noted that the
amount of power that can be delivered to the load
depends upon the selection of C4 and Ry.

The device is enabled by limiting the incoming ring
signal through resistors Ry, R3 and diodes ds and dg.
Zener diode Z, (typ. 9-27 volts) may be required in cer-
tain applications where large voltage transients may

4.39

filter and the dial pulse reject filter will suppress any
undesirable components of the signal and will only res-
pond to the normal 20Hz ring signal. Ring signals with
frequencies above 16Hz will be detected.

The configuration shown will produce a tone with
frequency components of 512Hz and 540 Hz with a shift
rate of approximately 16 Hz and deliver at least 25mW
to an 8Q speaker through a 2000Q:8%2 transformer. If
“manual’ mode is used, a potentiometer may be inser-
ted in series with the transformer primary to provide
volume control. If “automatic” mode is used, resistors
RL and RM can be chosen to provide desired amplitude
sequencing. Typically, signal power

RLoan

will be down 20 log =
RL+ RLoap

dB during the

RL0AD

dB during the
Rm + Rioap

first ring, and down 20 log
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$2561/S2561A/S2561C

Figure 3-A. Simulation of the Telephone Bell in Non-Telephone Applications
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Figure 3-B. Single Frequency Tone Application in Alarms, Buzzers, Etc.
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second ring with maximum power delivered to the load be connected to Vpp to allow DC level enabling of the
beginning the third and consecutive rings. ringer.

In applications where dial pulse rejection is not neces- Non-Telephone Applications: The configuration shown
sary, such as in DTMF telephone systems, the ENABLE in Figure 3-A may be used in non-telephone applica-
pin may be connected directly to Vpp. Det. Inh pin must tions where it is desired to simulate the telephone bell.
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The internal threshold is bypassed by wiring THC to
Vpp. The rate output (16Hz) is divided down by a 7-stage
divider type 4024 to produce two signals: a2 second on/
2 second off signal and a 4 second on/4 second off
signal. The first signal is connected to the EN pin and
the second to the DI pin to produce a 2 second on/4 se-
cond off telephone-type ring signal. The ring sequence
is initiated by removing the reset on the divider. If
“auto” mode is used, a reset signal must be applied to
the “amplitude sequencing” counter at the end of a
ring sequence so that the circuit will respond correctly
to a new ring sequence. This is done by temporarily
connecting the “auto/manual” input to Vgs.

Figure 3-B shows a typical application for alarms,
buzzers, etc. Single frequency mode is used by connec-

ting the SFS input to Vgg. A suitable on/off rate can be
determined by using the 7-stage divider circuit. If tin-
uous tone is not desired, the 16Hz output can be used
to gate the tone on and off by wiring it into the ENABLE
input.

Many other configurations are possible depending
upon the user’s specific application.

Reference 1. Bell system communications technical
reference:

PUB 47001 of August 1976.

“Electrical Characteristics of Bell System Network
Facilities at the Interface with Voiceband Ancillary and
Data Equipment” —2.6.1 and 2.6.3
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S2563A

Features

0o O ogog oogoo o

a
a
a

Specifically Designed for Telephone Line Powered
Applications

CMOS Process Achieves Low Power Operation

8 or 16 Digit Number Capability (Pin Programmable)
Dial Pulse and Mute Output

Tone Outputs Obtained by Interfacing With
Standard AMI $2859 Tone Generator

Two Selections of Dial Pulse Rate

Two Selections of Inter-Digit Pause

Two Selections of Mark/Space Ratio

Memory Storage of 29 8-Digit Numbers or 16-Digit
Numbers with Standard AMI S5101 RAM

16-Digit Memory for Input Buffering and for Redial
with Access Pause Capability

Accepts the Standard Telephone DPCT Keypad or
SPST Switch X-Y Matrix Keyboards; Also Capable
of Logic Interface

Can Use Standard 3x 4 or 4x 4 Keyboards
Inexpensive, but Accurate R-C Oscillator Design
BCD Output with Update for Single Digit Display

REPERTORY DIALER

General Description

The S2563A is an improved version of the $2562 reper-
tory dialer and can replace the S2562 In existing
applications using local power. It is however specifical-
ly designed for applications that will only use
telephone line power. To achieve this following
changes were made to the S2562 design.

a. PF output was replaced by a level reset input which
allows the device to be totally powered down in the
on-hook state of the telephone.

b. To reduce power consumption in the associated
85101 memory in the standby mode, the interface
was changed so that its CE; input rather than the
the CE, input is controlled by the device.

c. Process was changed toa lower voltage CMOS pro-
cess. Additionally a mark/space selection input
(M/S)was added to allow selection of either 40/60 or
33/67 ratio. Provision was also made to allow the
device to work with a standard 3x4 or 4x 4
keyboard.

Data subject to change at any time without notice. These sheets transferred for information only.

Block Diagram

16x4 MEMORY
<O Vo

b v
I -0 Vss [ o0
6] 2 NS
ng 1 s
el e )
086; O O R N
o5 El ose > - . wg s PN
0 O RW[] 6 DRS
PSO— o] — WOTE (] 7 oDE
WS O— ] FXH RAM U DATA _— 8
DRS O——————> | 2 LatcH [ 0y0, DISPLAY . g . 32 “5
| = "H % e N
- A ] 10 Re
1

Pin Configuration

REPERTORY
DIALER
29

F
1

RAM ADDRESS
TONE GENERATOR A1
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Advanced Product Description

$2569/S2569A

Features

0 Wide Operating Supply Voltage Range (2.50-10V)
Low Power CMOS Circuitry Allows Device Power
to be Derived Directly from the Telephone Lines
21 Digit Memory for Redial

Uses Standard 3x4 (S2569A) or 4x4 (S2569) SPST or
X-Y Matrix Keyboard

The Total Harmonic Distortion is Below Industry
Specification (Max. 7% Over Typical Loop Current
Range)

Separate Control Keys (52569) for Disconnect,
Pause, Redial and Flash in Column Four

Allows Dialing of * and # Keys on $2569. For
S2569A Redial Initiated by * or # Key as First Key
Offhook, * or # can be Dialed After First Key
Offhook.

O
O
O
O

o 0O

DTMF TONE GENERATOR
WITH REDIAL

General Description

The $2569/S2569A are members of the S2559 Tone
Generator family with the added features of Redial,
Disconnect, Pause and Flash. They produces the 12
dual tones corresponding E° the 12 keys located on the
conventional Touch-Tone telephone keypad. The
$2569 has separate keys, located in column four, which
initiate the Disconnect(D), Pause(P), Redial(R), and
Flash(F) functions. (Note: column four keys do not
generate tones.) Only the redial feature is available on
the S2569A. Redial on the S2569A is initiated by press-
ing * or # as the first key offhook.

A voltage reference generated on the chip regulates the
signal levels of the dual tones to meet the recom-
mended telephone industry specifications.

Block Diagram

$2569 Pin Configuration

OSCIN _

B STAGE
JOHNSON
COUNTER

L
=] OSCILLATOR cLocK
= Zu_+ GENERATOR BYDER
0sCouT o —
6144 Ik
o HODK SWiTCH o] | ]
DEBOUNCE

RAM

RAM ADDRESS

KEYBOARD
DEBOUNCE

S
Voo (] 1 16 [] TONE
CE[] 2 15 [] DIS.
&[] 3 1Bk
RESISTOR
> wETwonk ] 4 $2569 1Bk
&[] 5 12 R
Voo
Vs [O] 6 11[]Re
osc (| 7 10 [] MUTE
wr | ose, ] 8 mf

t 1

|1 Y

VOLTAGE

o w oot | (ol | || [ ] | | || e
— s T T T T T $2569/A Pin Configuration
) A\ L
Ry ||
Rz || ROW DIVIDER 8 STAGE RESISTOR
o KEYaDARD conTRDL N oo T [ B v [] 1 16 [] TONE
Ra | s
| e ‘ = e[ 2 15 [ NC.
6 I 7 ! o] 3 14 R
2 |~—>| coLumn ——»{ MUTE ] 4 13[]R
KEYBOARD 2 2
o [« “logc PLA > TIMER e s $2569/A
= . G 5 12 7] Rs
Vss[] 6 1 t] Rs
osei [} 7 10 [ ] MUTE
0S¢, [] 8 9 [] NC.

Touch-Tone is a registered trademark of AT&T
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$2569/S2569A

Absolute Maximum Rating:
DC Supply Voltage (Vpp=Vss) -+t v v vttt ittt it ittt i it ain it +13.5V
Operating TempPerature ... ... ...c.intiiiiitentteentonentsoeeneessnerenseneaeenneensn 0°C to +70°C
Storage Temperature .. ... ..ottt it i e e et e e e - 65°C to + 140°C
Power Dissipation at 25°C ... . ittt i i e e et et e i e i 500mwW
Input Voltage ........ ...ttt i i i [ Vgs — 0.6<V|N<Vpp + 0.6V

S2569A Electrical Characteristics: Specifications apply over the operating temperature range of 0°C to +70°C
unless otherwise noted. Absolute values of measured parameters are specified.

Symbol Parameter/Conditions (Vn‘l;;;"s’ss) Min. Max. Unit
Supply Voltage
Voo Tone Out Mode (Valid Key Depressed) 2.50 10.0 \'
Non Tone Out Mode (No Key Depressed) 1.50 10.0
Vor Data Retention Voltage 1.0 v
Supply Current
STANDBY (NO Key Depressed, 2.00 1 uA
Tone, Mute and Flash 5.00 20 pA
o Outputs Unloaded, CE = low
Operating (One Key Selected, Tone, Mute 3.00 2.5 mA
and Flash Outputs Unloaded).
Operating During Flash 3.0 300 uA
Tone Output
Vor Low Group Frequency Voltage (R, = 390kR) 5.0 330 690 mvVrms
dBer Ratio Of Column To Row Tone 2.5-5.0 1.0 3.0 dB
% DIS Distortion* 2.5-10.0 7 %
Mute and Flash Qutputs
lou Output Source Current Vou = 2.7V 3.0 1.0 mA
lor Output Sink Current Vo= 0.3V 3.0 1.0 mA

* Distortion measured in accordance with the specifications described as *ratio of total power of all extraneous frequencies in the voiceband above 500Hz accompanying
the signal to the total power of the frequency pair’’

NOTE: R, = load resistor connected from output to Vgs.
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Basic Chip Operation

The dual tone signal consists of linear addition of two
voice frequency signals. One of four signals is selected
from a group of frequencies called “low group” and the
other is selected from a group of frequencies called
“high group”. The low group consists of four frequen-
cies; 697, 770, 852 and 941 Hz. The high group consists
of three frequencies; 1209, 1336 and 1477 Hz.

When a push button corresponding to a digit (0 thru 9,
*, #) is pushed, one appropriate row (Ry thru R,) and
one appropriate column (C¢ thru Cy) is selected. The ac-
tive row input selects one of the low group frequencies
and active column input selects one of the high group
frequencies.

Tone Generation

When a valid key closure is detected, the keyboard
logic programs the high and low group dividers with
appropriate divider ratios so that the output of these
dividers cycle at 16 times the desired high group and
low group frequencies. The outputs of the program-
mable dividers drive two 8-stage Johnson counters.
The symmetry of the clock input to the two divide-by-16
Johnson counters allows 32 equal time segments to be
generated within each output cycle. The 32 segments
are used to digitally synthesize a stair-step waveform to
approximate the sinewave function. This is done by
connecting a weighted resistor ladder network be-
tween the outputs of the Johnson counter, Vpp and
Vger- VRer closely tracks Vpp over the operating
voltage and temperature range and therefore the peak-
to-peak amplitude Vp (Vpp-Vger) of the stairstep func-
tion is fairly constant. Vrer is chosen so that Vp falls
within the allowed range of the high group and low
group tones.

Normal Dialing

Tone dialing starts as soon as the first digit is entered
and debounced. The entered digits are stored sequen-
tially'in the internal memory. Pauses may be entered
when required in the dial sequence by pressing the “P”
key, which provides access pause for future redial. Any
number of access pauses may be entered as long as
the total entries do not exceed the total number of
available digits. Numbers up to 21 digits can be redial-
ed. Numbers exceeding 21 digits will clear redial buffer.
Note that only the S2569 has “Pause” capability and
the access pause is included in the 21 digit maximum
number.

Redial

The last number dialed is retained in the memory and
therefore can be redialed by going off hook and press-
ing the “R” key on the S$2569 (located at column 4 and
row 3). The S2569A does not use column four and
Redial is initiated by “#” or “*” key as the first key off-
hook. Tone dialing will start when the key is depressed
and finish after the entire number is dialed out unless
an access pause is detected. In such a case, the tone
dialing output will stop and will resume only after the
user pushes any key except Flash and Disconnect
keys. During redial all keys are ignored until 70ms after
the last digit is dialed (except Disconnect). (Note that
the “Pause” function is not available on the S2569A.)

Disconnect/Flash Functions

The 82569 has a push-pull buffer for Disconnect output.
With no keys depressed the Disconnect output is high.
When the Disconnect key is depressed the Disconnect
output goes low until the key is released. Disconnect
output can also be used to implement a “Flash” func-
tion. When the Flash key is depressed the Disconnect
output goes low for 608ms.

Figure 1
112|3]0D 112]3
4| 5| 6| FP 4165616
7(8|191|R 718189
*| 0| #|F *1 0| #
$2569 Keypad S$2569A Keypad

Keyboard Interface

The 52569/A employs a scanning circuitry to determine
key closures. When no key is depressed active pull
down resistors are on on the row inputs and active pull
up resistors are on on the column inputs. When a key is
pushed a high level is seen on one of the row inputs, the
oscillator starts and the keyboard scan logic turns on.
The active pull up or pull down resistors are selectively
switched on and off as the keyboard scan logic deter-
mines the row and the column inputs that are selected.
The value of pull down and pult up resistors will vary

- with supply voltage. Typical values of pull up and pull

4.45

down resistors are shown in Table 1.
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$2569/S2569A

Table 1. Typical Resistance Values Table 2. Comparisons of Specified Vs. Actual Tone

Frequencies Generated by S2569/A

Voo PULL UP RESISTANCE (TYP.) ACTIVE OUTPUT FREQUENCY HZ %
INPUT SPECIFIED ACTUAL ERROR
2.0V 3.3 K ohm
5.0V 1.5 K ohm R1 697 699.1 +0.30
10'0\, 1'3 K ohm R2 770 766.2 —0.49
) ) R3 852 847.4 —0.54
R4 941 948.0 +0.74
Voo PULL DOWN RESISTANCE (TYP.) T 500 T215.9 Y057
C2 1339 1331.7 -0.32
. hm
g 83 g’g%i%hm 3 1477 1471.9 ~0.35
10:0\/ 16.6 K ohm NOTE: % error does not include oscillator drift.
Figure 2. Typical Timing Normal Dialing
CE .
t jrh;L— L etz —]
Keraoamo M1 — s i
MUTE [ . [ | [ L
— g |-
0S¢ m )
——»' II1 |<-— b l —»I g I<—
—- & |
_’| N |<_ Redial
REDIAL “R” [ gy
MUTE [ ]
<« —->| |<—|g —-»I
TONE
l<——- t13 —-—»!
_>| b |— Disconnect
—] [~ <t —]
DISC ouT | L | |
t2
fo : OFF HOOK T0 KEYBOARD INPUT ts : 0SC START UP:3ms tip : DISC DELAY TIME:4ms
DELAY TIME:Oms ts : OSC MIN. ON TIME:142ms t11  : MAX. OUTPUT PULSE:608ms
i : DEBOUNCE TIME:18ms t7 : TONE QUTPUT DELAY TIME:21ms 12 : MIN. DISC OFF TIME:50ms
1o : KEY RELEASE TIME:6ms : MIN. TONE OUT TIME:70ms ti3 : TONE ON TIME:70ms
Y4 : MIN. MUTE PULSE WIDTH:73ms g : MIN. OFF TIME:70ms
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Logic Interface

The S2569/A can also interface with CMOS logic outputs directly. The S2569/A requires active high logic levels.
Since the pull up resistors present in the S2569/A are fairly low values, diodes can be used as shown in Figure 3 to
eliminate excessive sink current flowing into the logic outputs in their low logic state.

Figure 3a. Typical Application Circuit for Line Powered DTMF Dialer With Redial S2569
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Figure 3b. Typical Application Circuit for Line Powered DTMF Dialer With Redial S2569A
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Chip Enable

The S2569/A has a Chip Enable input at pin 2. The Chip
Enable for the S2569/A is an active “high”. When the
Chip Enable is “low”, the Tone output goes to Vgg, the
oscillator is inhibited and the Mute and Disconnect out-
puts will go into a low state.

Mute Output

The S2569/A has a push-pull buffer for Mute output.
With no keys depressed the Mute output is low, when a
key is depressed the Mute output goes high until the
key is released. Note that minimum mute pulse width is
70ms.

Oscillator

The device contains an oscillator circuit with the neces-

4.49

sary parasitic capacitances and feedback resistor
(1MQ) on chip so that it is only necessary to connect a
standard 3.58MHz TV crystal across the OSC; and OSC,
terminals to implement the oscillator function.

Oscillator Crystal Specifications

Frequency 3.579545MHz +.02%, Rs<100%,
Lm = 96Mhy, Cm = .02pF Ch = 5pF

Test Mode

The S2569/A will enter the test mode if all rows are pull-
ed high momentarily. 16 times the low group frequency
will appear at mute output depending on which row is
selected. Also, 16 times the high group frequency wili
appear at disconnect output depending upon which
column is selected.
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Advanced Product Description S$2569B/C
DTMF TONE GENERATOR
WITH REDIAL

Features

Wide Operating Supply Voltage Range (2.50-10V)
Low Power CMOS Circuitry Allows Device Power
to be Derived Directly from the Telephone Lines

21 Digit Memory for Redial
Uses 4x5 SPST or X-Y Matrix Keyboard
The Total Harmonic Distortion is Below Industry

ooo oo

Specification (Max. 7% Over Typical Loop Current

General Description

The S2569B and S2569C are members of the S2559
Tone Generator family with the added features of
Redial and Flash. The devices produce 16 dual tones
corresponding to the 16 -digit keys located on the con-
ventional Touch-Tone® telephone keypad. Function
keys for Redial(R) and Flash(F) are located in column
five. A voltage reference generated on the chip
regulates the signal levels of the dual tones to meet

o Range) . the recommended telephone industry specifications.
Separate Control Keys for Flash and Redial The $2569B and S2569C versions differ in the duration
O Allows Dialing of *, # and A Through D Keys of the flash output.
Block Diagram Pin Configuration
oo 2
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RAM cE[] 2 17 [7] FLASH
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A READIWRITE REFER N =N =
—{> Vo COUNTER coumn COMPARE ADDER c3 ] 5 S2569B 14 [ R,
o> — ] 77___} 1 ] 6 13 [ Rs
b 8 STAGE RESISTOR Vss C 7 12 :I fa
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] el I Sl Al oo ] o nw,
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Absolute Maximum Rating:
DC SUPPIY VOItage (VDD =VEE) -+« « v ittt ettt ittt i e 8.0v
Operating Temperature, 2569B . ... ... ... .o ittt iiriniiinie e in et iinsarenonssns —-25°Cto +70°C
Operating Temperature, 25690 . .. ... ..ottt ittt it ittt i et anaasins 0°Cto +70°C
Storage TemPerature .. .......cui it iien ittt iin ettt is sttt esansaaasaen —65°Cto +140°C
Power Dissipation at 25°C .. ... ittt i i e i e e e 500mwW
Input Voltage ..ot e e —0.6<V|N<Vpp + 0.6V

$§2569B/C Electrical Characteristics: (Specifications apply over the operating temperature range of 0°C to 70°C
unless otherwise noted. Absolute values of measured parameters are specified.)

Symbol Parameter/Conditions (v“"’,;':”) Min. Max. Unit
Supply Voltage
Voo Tone Out Mode (Valid Key Depressed) 2.50 5.0
Non Tone Out Mode (No Key Depressed) 1.50 5.0
Supply Current
STANDBY (NO Key Depressed, 2.00 1 uA
Tone, Mute and Flash 5.00 20 uA
oo Outputs Unloaded, CE = low
Operating (One Key Selected, Tone, Mute 3.00 2.5 mA
and Flash Outputs Unloaded).
Operating During Flash 3.0 300 uA
Tone Output
Vor Low Group Frequency Voltage (R, = 1k<) 3.0 246 310 mvrms
dBer Ratio Of Column To Row Tone: 22553995 gg:gg 33 gg gg
% DIS Distortion* 2.5-10.0 7 %
Mute:and Flash Outputs
lon Output Source Current Voy=2.7V 3.0 1.0 mA
loL Output Sink Current VoL =10.3V 3.0 1.0 mA

* Distortion measured in accordance with the specifications described as *‘ratio of total power.of all extraneous frequencies in the voiceband above 500Hz accompanying
the signal to the total power of the frequency pair’’.

NOTE: R, = load resistor connected from output to Vgg.

Basic Chip Operation
The dual tone signal consists of linear addition of two When a push button corresponding to a digit (0 thru D,

voice frequency signals. One of two signals is selected *, #) is pushed, one appropriate row (R thru Ry) and one
from a group of frequencies called “low group” and the appropriate column (C; thru Cy) is selected. The active
other is selected from a group of frequencies called row input selects one of the low group frequencies and
“high group”. The low group consists of four frequen- active column input selects one of the high group

cies; 697, 770, 852 and 941 Hz. The high group consists frequencies.
of four frequencies; 1209, 1336, 1477 and 1633 Hz.
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Tone Generation

When a valid key closure is detected, the keyboard
logic programs the high and low group dividers with
appropriate divider ratios so that the output of these
dividers cycle at 16 times the desired high group and
low group frequencies. The outputs of the program-
mable dividers drive two 8-stage Johnson counters.
The symmetry of the clock input to the two divide-by-16
Johnson counters allows 32 equal time segments to be
generated within each output cycle. The 32 segments
are used to digitally synthesize a stair-step waveform to
approximate the sinewave function. This is done by
connecting a weighted resistor ladder network between
the outputs of the Johnson counter, Vpp and Vger. VRer
closely tracks Vpp over the operating voltage and
temperature range and therefore the peak-to-peak
amplitude Vp (Vpp-Vger) of the stair-step function is
fairly constant. Vgeg is chosen so that Vp falls within
the allowed range of the high group and low group
tones.

Normal Dialing

Tone dialing starts as soon as the first digit is entered
and debounced. The entered digits are stored sequen-
tially in the internal memory. Numbers up to 21 digits
can be redialed. Numbers exceeding 21 digits will clear
redial buffer. Note that the S2569B/C will not accept roll
over entries.

Redial

The last number dialed is retained in the memory and
therefore can be redialed by going offhook and press-
ing the “R” key (located at column 5 and row 3). Tone
dialing will start when the key is depressed and finish
after the entire number is dialed out.

If the redial key is held down, tone dialing will stop after
the first digit is dialed, and will resume again when the
key is released. This provides for single digit access
codes. During Redial the $2569B/C will ignore any key-
board entry. Keys will be accepted 70ms after last
number is dialed.

Redial Inhibit

Redial can be inhibited by dialing (*), #), and Flash, in
normal dialing sequence. Numbers exceeding 21 digits
and single tones will also inhibit redial.

Flash Output

The $2569B/C has a push-pull buffer for Fiash output.
With no keys depressed the Flash output is low. When
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the Flash key is depressed, the Flash output goes high
for 90ms (S2569B) or 608ms (S2569C).

Keyboard Interface

The S2569B employs a scanning circuitry to determine
key closures. The active pull up or pull down resistors
are selectively switched on and off as the keyboard
scan logic determines the row and the column inputs
that are selected. The values of pull down and pull up
resistors will vary with supply voltage. Typical values of
pull up and pull down resistors are shown in Table 1.

Table 1. Typical Resistance Values

Voo PULL UP RESISTANCE (TYP.)
2.0v 3.3 K ohm

5.0V 1.5 K ohm

Voo PULL DOWN RESISTANCE (TYP.)
2.0V 340 K ohm

5.0V 36.6 K ohm

Table 2. Comparisons of Specified Vs. Actual Tone
Frequencies Generated by S2569B/C

ACTIVE OUTPUT FREQUENCY HZ %

INPUT SPECIFIED ACTUAL ERROR
Rt 697 699.1 +0.30
R2 770 766.2 —-0.49
R3 852 847.4 —0.54
R4 941 948.0 +0.74
Ct 1209 1215.9 +0.57
C2 1339 1331.7 —-0.32
c3 1477 1471.9 ~0.35
C4 1633 1645.0 +0.73

NOTE: % error does not include oscillator drift.
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Figure 1. Standard Telephone Push Button Keyboard
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$2569B/C

Logic Interface

The S2569B can also interface with CMOS logic outputs directly. The $2569B/C requires active high logic levels.

Since the pull up resistors present in the $2569B/C are fairly low values, diodes can be used as shown in Figure 3 to
eliminate excessive sink current flowing into the logic outputs in their low logic state.

Figure 3. Logic Interface for Keyhoard Inputs of the S2569B
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$2569B/C

Chip Enable

The S2569B/C has a Chip Enable input at pin 2. The
Chip Enable for the $2569B/C is an active “high”. When
the Chip Enable is “low”, the tone output goes to Vgg,
the oscillator is inhibited and the Mute and Disconnect
outputs will go into a low state.

Mute Outputs (M1, M2)

The $2569B/C has push-pull buffers for Mute outputs.
With no keys depressed the Mute outputs are low.
When a key is depressed the outputs go high until the
key is released. M1 will stay high for additional 250ms.
Note that minimum mute pulse width is 70ms for M2
and 320ms for M1.

Oscillator

The device contains an oscillator circuit with the neces-
sary parasitic capacitances and feedback resistor
(1MQ) on chip so that it is only necessary to connect a
standard 3.58MHz TV crystal across the OSC; and OSC,
terminals to implement the oscillator function.

Oscillator Crystal Specifications
Frequency 3.579545MHz + .02% Rs<100 ohm, LM = 96

Mhy, Cm = .02pF Ch = 5pF.

Single Tone Mode

The S2569B/C is capable of dialing single as well as dual
tones. Single tones in either the low group or the high
group can be generated as follows. A low group tone can
be generated by depressing two digit keys in the appro-
priate row. A high group tone can be generated by
depressing two digit keys in the appropriate column.

Note that two keys have to be depressed simultaneously
or the output will be the normal dual tones. If the keys
are depressed within 10msec of each other, the singie
tone will be generated. If not, the standard dual tone
representing the first key depressed will be sent and the
second button will be ignored.

Test Mode

The S2569B/C will enter the test mode if all rows are
pulled high momentarily. 16 times the low group fre-
quency will appear at the M2 output depending on
which row is selected. Also 16 times high group fre-
quency will appear at the Flash output depending on
which column is selected.

Figure 4. Stairstep Waveform of the Digitally Synthesized Sinewave
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$2569B/C

Figure 5. Typical Timing
Normal Dialing
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Figure 7. Typical Appilcatlons Circuit for Line Powered DTMF Dialer With Redial
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$25089

Features

0O Wide Operating Voitage Range: 2.5 to 10 Volts

O Optimized for Constant Operating Supply Voltages,
Typically 3.5V

O Tone Amplitude Stability is Within +1.5dB of
Nominal Over Operating Temperature Range

O Low Power CMOS Circuitry Allows Device Power to
to be Derived Directly From the Telephone Lines or
From Small Batteries

DTMF TONE GENERATOR

General Description

The $25089 DTMF Generator is specifically designed
to implement a dual tone telephone dialing system in
applications requiring fixed supply operation and high
stability tone output level, making it well suited for
electronic. telephone applications. The device can
interface directly to a standard pushbutton telephone
keyboard with common terminal connected to Vgg and
operates directly from the telephone lines. All neces-

O grs:;u:\r: c?gﬁ‘ﬁh?g?gﬂ n(3.£\3/8eMH'_zI)i tﬁ gigxfa':” sary dual-tone frequencies are derived from the widely
and Stability g Very Hig Y used TV crystal standard providing very high accuracy
O Specifically Designed for Electronic Telephone and stability. The required sinusoidal waveform for the
Applications individual tones is digitally synthesized on the chip.
O Interfaces Directly to a Standard Telephone The waveform so generated has very low total harmon-
Push-Button Keyboard With Common Terminal ic distortion. A voltage reference is generated on the
0 Low Total Harmonic Distortion chip which is very stable over the operating tempera-
O Single Tone as Well as Dual Tone Capability ture range and regulates the signal levels of the dual
O Direct Replacement for Mostek MK5089 Tone tones to meet the recommended telephone industry
Generator specifications.
Block Diagram Pin Configuration
Voo [T
,;;:;é:..{é g | OSCILLATOR }wl +4| I MUTE LOGIC 110] KD
4 ™ r ———————————————————— ‘}
w 1] . E i Voo 1 TONE OUT
$— CK =5
w2 (3] i CE[] 2 1l
# il +80,73,66,59 : o i C_zl: A 13 n
&1 [13] T I T ! " Tt s s25089 Rs
= (=] [ Ceed — =k d
| | ] ! i w 056 (] 7 7))
& G - | = | 0sco (] 8 &
G A oL 1 PROGRAMMABLE | 1o i 8 STAGE RESISTOR : "
& [5]—>{ XEveoAm Love i GO g I g
& [T +46,42,38,34 | I
! I [75] ToNE out
Vs [§——> i des et -
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$25089
Absolute Maximum Ratings:
DC Supply Voitage (VDD-Vgg) . eerererrrerrmriimiinicciicsie sttt s ab s ben s b s et ans +10.5V
Operating Temperature: S25089 ... . —25°Cto +70°C
Operating Temperature:  S25089-2 .........corinicrininiiirceriniss bt s s s ssssnes 0°Cto +70°C
Storage Temperature ........c.ocecvniennens —-65°Cto +150°C

Power Dissipation at 25°C ...t s e 500mwW
INPUt VOIAGE ..oeeeeeeiireeeecere e .. Vgg—0.6<V|y<Vpp +0.6
Input/Output Current (XCept tONE OULPUL) ....coeiiriiecricreer et sss et r e neastssresaes 15mA

TONE OUIPUL CUITENT ..ottt sese s s ese s sae e st e s s sa e s me s Re e s bs st e aabesnesabean e s neesssnnanasns suessasnss 50mA

Electrical Characteristics: (Specifications apply over the operating temperature range of 0°C to +70°C unless
otherwise noted. Absolute values of measured parameters are specified.)

Symbol Parameter/Conditions (VI\JI[:J.I‘::S) Min. “Typ. Max. Units
Supply Voltage
Tone Out Mode (Valid Key Depressed) 2.5 — 10.0: v
Voo Non Tone Out Mode (AKD Outputs toggle 16 _ 10.0 v
with key depressed) ’ ’
Supply Current
Standby (No Key Selected, 3.0 — 1 20 uA
oo Tone and AKD Outputs Unloaded) 10.0 — 5 100 uA
Operating (One Key Selected, 3.0 — 9 1.25 mA
Tone and AKD QOutputs Unloaded) 10.0 — 4.5 10.0 mA
Tone Output
Vo Dual Tone Row Tone R = 10kQ 3.0 -11.0 -8.0 dBm
Mode Qutput Amplitude R = 100kQ 3.5 -10.0 -7.0 dB
dBgr Ratio of Column to Row Tone™** 2.5-10.0 2.4 2.7 3.0 dB
%DIS Distortion* 2.5-10.0 - - 10 %
NKD Tone Qutput—No Key Down -80 dBm
AKD Output
loL Output On Sink Current Vo = 0.5V 3.0 0.5 1.0 — mA
loH Output Off Leakage Current 10.00 1 10 uA
Oscillator Input/Output
loL One Key Selected ' VoL = 0.5V 3.0 0.21 0.52 — mA
Output Sink Current VoL =0.5V 10.0 0.80 2.1 — mA
low Output Source Current Voy = 2.5V 3.0 0.13 0.31 — mA
One Key Selected Vou = 9.5V 10.0 0.42 1.1 - mA
— Qscillatpr Startup - 3.0-10.0 — 2 5 ms
Time with Crystal as Specified
G0 Input/Output 3.0 — 12 - 16 pF
Capacitance 10.00 - 10 14 pF

*Distortion measured in accordance with the specifications described in REF. 1 as the ‘‘ratio of the total power of all extraneous frequencies in the voiceband above 500Hz
accompanying the signal to the total power of the frequency pair’’.

**525089-2 available with range of 1.0dB to 3.0dB.
$25088 available with 0dB ratio (column and row amplitude equal).
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Electrical Characteristics: (Continued)

Symbol Parameter/Conditions (V%D'::SS) Min. Typ. Max. Units
olts

Row, Column and Chip Enable Inputs )

ViL Input Voltage, Low - Vss. .2(Vop v

- Vss)
Vin Input Voltage, High — .8(Vop — Voo v
—Vss

" Input Current Viy=0.0V 3.0 30 90 150 uA

(Pull up) Vi =0.0V 10.0 100 300 500 A
Oscillator

The $25089 contains an oscillator circuit with the
necessary parasitic capacitances and feedback resis-
tor on chip so that it is only necessary to connect a
standard 3.58MHz TV crystal across the OSC;j and OSCg
terminals to implement the oscillator f